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(57) Abstract 

« 

Disclosed herein are immunogenic polysaccharide-//, influenzae adhesin protein conjugates, a purified H. influenzae ad- 
hesin protein and related proteins and polypeptides, DNA useful for producing the proteins, synthetic polyribosylribotol phos- 
phate (PRP) oligosaccharides and intermediates useful for their synthesis, and methods of making and using these materials. The 
conjugates comprise a PRP fragment, preferably a synthetic oligosaccharide, coupled to an H, influenzae adhesin protein. The in- 
vention further comprises purified H. influenzae adhesin proteins and novel PRP oligosaccharides. The invention also comprises 
methods of producing these materials and using them in a vaccine to protert humans and other mammals against H. influenzae 
infection. 
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under 18 months of age, which is the group most threatened 
by Hib. 

It has been known for many years that antibodies 
directed against the type b capsule will protect 
individuals against invasive Hib infection, including 
meningitis. In a randomized, double*-blind clinical trial 
in Finland, a type b polysaccharide vaccine was found to be 
90% effective in presenting disease in children immunized 
between 24 and 72 months of age. However, the vaccine 
conferred no protective immunity in children younger than 
18 months and provided only limited immunity in children 
aged 18-23 months. Peltola, et al., N. Enal. J. Med. . 
310:1561-1566 (1984). The type b polysaccharide elicits a 
T-cell- independent ixomune response, which probably accounts 
for the low immunogenicity in young children. 

Based on these data, three type b polysaccharide 
vaccines were licensed in the United States in 1985 and 
were recommended for use in children aged 24-60 months* 
These vaccines obviously have a major problem. They do not 
adequately protect children under 24 months of age, the 
group most succeptible to H. influenzae disease. 

There are other problems relating to the fact that 
the polysaccharide is obtained from natural sources. 
Although purified, the polysaccharide fragments are of 
various lengths and, therefore, not as well characterized 
as desirable. This creates problems with respect to 
reproducibility and variable potency. Also, since 
naturally occurring polysaccharide must be isolated from a 
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pathogen, safety concerns must be addressed with respect to 

both manufacture and use of the vaccine. ^ 

Attempts have been made to make the polysaccharide 
into a better immunogen. The polysaccharide or fragments 
thereof have been covalently coupled with various im- 
munogenic proteins, such as diphtheria or tetanus toxoids. 
See, for example, U.S. Patent No. 4,673,574 issued Jxine 16, 
1987 to Anderson, U.S. Patent No. 4,808,700 issued Febru- 
ary 28, 1989 to Anderson, et al., European Patent Office 
Publication No. 0 245 045 dated November 11, 1987, and 
European Patent Office Publication No. 0 098.581 dated 
January 18, 1984, all of which are incorporated herein by 
reference. 

■ 

Several of the conjugate vaccines have been shown 
to be safe and more immunogenic than the conventional 
polysaccharide vaccines in children, particularly infants. 
The data suggest that the conjugate vaccines are 
functioning as T-cell dependent antigens. A T-cell- 
dependent response provides for a better overall immune 
response in a patient. One of the conjugate vaccines has 
been approved in the United States for children 15-18 
months of age. Two of the conjugate vaccines have been 
licensed in the United States for infants as young as two 
months old. 

The vaccines currently available to the medical 
practitioner have several major limitations. First, they 
do not protect against other Hi infections besides Hib. 
The polysaccharide is not found in non-typable Ha. 
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influenzae ; therefore, antibodies to it are non-protective 
against these strains. Second, they raise problems with 
respect to reproducibility, potency, and safety. 

There are several avenues of on-going research on 
ways to overcome these limitations. One approach has been 
to develop procedures for Hib polysaccharide synthesis. 
The Hib capsule consists of a linear homopolymer of 
alternating molecules of ribose and ribitol joined by a 
phosphodiester linkage represented by the following 
formula; 




The polymer is known as polyribosylribitol phosphate and 
abbreviated PRP. 



The PRP obtained from natural sources is crude 
degraded polysaccharide. It varies in molecular weight 
between 200 KD and 200,000 KD. 
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A few groups have been able to synthesize small PRP 
oligosaccharides. For example, European Patent Office 
Publication 0 320 942 dated June 21, 1989, incorporated 
herein by reference, discloses the synthesis of synthetic 
PRP oligosaccharides of 2-20 iinits and their covalent 
attachment to immunogenic proteins, specifically tetanus or 
diptheria toxins or toxoids. The oligosaccharides are 
linked to the proteins through a spacer. A phosphite 
triester synthetic procedure was used for the 
oligomerization. European Patent Office Publication 
0 276 516 dated August 3, 1988, incorporated herein by 
reference, also discloses synthetic PRP oligosaccharides 2* 
20 monomers in length, their conjugation to carrier 
proteins, and the use of the conjugates as vaccines against 
Hib. The oligosaccharides are prepared using the 
phosphotriester synthetic procedure for oligomerization. 
Both of these involved solution-type synthetic techniques 
for the preparation of the PRP oligosaccharides. 

Elie, et al.. Reel, Trav, Chim. Pavs-Bas ^ 108:219- 
223 (1989), incorporated herein by reference, discloses the 
solid-phase synthesis of a PRP hexamer*. The units were 
coupled using a phosphite triester method and controlled- 
pore glass as the solid support. 

The use of synthetic PRP fragments should provide 
several advantages over the PRP obtained from natural 
sources. Synthetic PRP is chemically well-defined and 
characterized. It would be of superior quality and less 
prone to produce side effects in humans. Its use would 
also obviate problems relating to reproducibility, potency. 



« 
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and safety associated with PRP obtained from natural 
sources. In addition, while the naturally occurring PRP is 
generally cross-linked to the protein carrier at random 
points along its chain., synthetic PRP can be conjugated 
through a single point, which creates less undesired 
epitopes • 

This research promises improvements to existing 
vaccines, but there are still drawbacks. First, the PRP 
synthesis is complicated and relatively inefficient. Thus, 
there is a need for improved synthesis procedures. Second, 
these improvements will be limited to vaccines against Hib. 

Another approach has been to focus on the protein. 
There are some available data suggesting that the protein 
and the carbohydrate parts of the conjugate vaccines act as 
independent iiomunogens. Therefore, the choice of the 
protein component becomes important in seeking to enhance 
immunogenicity. It would be more desirable to have an 
immunogenic protein or polypeptide derived from ^ 
influenzae as the protein component rather than a 
"nonsense" protein.- 

At least one group has conjugated an Hib outer 
membrane protein to PRP fragments. See European Patent 
Office Publication No. 0 338 265, dated October 25, 1989, 
incorporated herein by reference. This application 
discloses 38 and 40 KD outer membrane proteins of Hib and 
their isolation and purification. The two proteins are 
quite similar. They are known as protein 2 (P2) or protein 
b/c because they occur as a doublet. The molecular weight 
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depends upon the strain from which they are obtained. They 
are cross-reactive, have very similar amino acid 
compositions, and have the same amino and carboxy terminal 
sequences. The proteins are coupled to PRP fragments by 
reductive amination. The PRP fragments are obtained from 
naturally occurring PRP using standard techniques. The 
application states that the carrier proteins themselves may 
confer immunity. 

This approach also suffers from certain limita- 
tions. The outer membrane proteins may vary among Hib 
types or serotypes within a particular type. Granoff , et 
al., in S.H. Sell and P.F. Wright (ed.), Ha^mpphimg 
Influenzae; EDidemioloov ■ Immun oloav. and Prevention. (New 
York: Elsevier Biomedical (1982)). Therefore, a vaccine 
based upon a particular outer membrane protein may not be 
effective against the broader spectrum of pathogenic |L. 
influenzae bacteria and may not even be effective against 
all strains of Hib. 

Others have focused on Hi proteins and peptides 
alone as vaccine candidates. For example, see PCT Publica- 
tion No. WO 90/02557, published March 22, 1990, 
incorporated herein by reference. This application 
discloses two antigenically related Hi outer membrane 
proteins with a molecular weight of about 16 KD. It 
further discloses related fusion proteins and peptide frag- 
ments of the outer membrane proteins, methods of purifying 
the proteins, and methods of making them by genetic 
engineering. All of these are claimed to be useful as 
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Inmunogens in vaccines. Such vaccines will also have the 
drawbacks mentioned inxnediately above* 

Clearly, there is a pressing need for a safe vac- 
cine that is effective against both invasive and non- 
invasive H, influenzae , particularly in infants 2-6 months 
old. This ideal vaccine would also be effective against a 
wide variety of strains within each of the two categories 
by eliciting antibodies against a determinant found on the 
surface of most or all strains of H, influenzae > 

The present invention overcomes the limitations of 
the existing technology and meets that need. It provides a 
novel synthetic PRP conjugated to newly isolated and 
purified H. influenzae adhesin proteins. 

The ability to use an adhesin protein in a vaccine 
against H. influenzae is extremely desirable. Because of 
the way they function, adhesin proteins are believed to be 
highly conserved among strains of a particular type of 
bacteria. This is because they are the protein molecules 
that mediate attachment by bonding bacteria to host cells, 
the initial step in the infection process. Thus, the 
adhesins would be expected to be present in all strains 
(both encapsulated and unencapsulated) of Haemophilus . 
Therefore, the present vaccine would be effective against. a 
broad array of types and strains of Hi. In addition, 
vaccines based upon adhesin proteins should be more ef- 
fective than those based upon other outer membrane 
proteins, even for those bacterial strains from which the 
outer membrane proteins are derived. Antibodies to the 
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adhesin protein would prevent adherence of the bacteria to 
the tissue of the host animal. Adherence Is the Initial 
step In Hi Infection. Stopping the Infection at this point 
would be the best approach possible. 

The novel PRP of the Invention also has advantages 
over the existing technology. It Is better defined and 
characterized, and It Is of superior quality when compared 
to PRP obtained from natural sources. Also, It has been 
more efficiently produced than the synthetic PRP described 
above . 

SUMMARY OF THE INVENTION 

It Is an object of the Invention to provide an Im- 
munogenic Qllgosaccharide- H. Influenzae adhesin protein 
conjugate and a method for making It. 

Another object of the Invention Is to provide a 
vaccine for protecting a mammal against H. li>fluenzae . 

Yet another object of the Invention Is to provide a 
method of Inducing an Immune response to H. Influenzae In a 
mammal • 

A further object of the Invention to provide 
purified H. influenzae aidhesln proteins. 
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A Still further object of the invention is to 
provide a purified polypeptide capable of eliciting an 
antigenic response to H. influenzae in an animal host. 

Yet another object of the invention is to provide 
methods for producing purified H. influenzae adhesin 
proteins • 

A further object of the invention is to provide DNA 
coding for the adhesin proteins and derived polypeptides, 
vectors containing the DNA, microorganisms transformed by 
such DNA and vectors, and methods for preparing such 
materials • 

A still further object of the invention is to 
provide a composition of matter consisting essentially of 
synthetic PRP oligosaccharides having the same number of 
monomeric xinits and a method of preparing the synthetic 
PRP. 

Another object of the invention is to provide 
compounds useful as intermediates in the preparation of 
synthetic PRP and methods of preparing such . compounds . 

Additional objects and advantages of the invention 
will be set forth in part in the description that follows, 
and in part will be obvious from the description, or may be 
learned by the practice of the invention. The objects and 
advantages of the invention will be attained by means of 
the instrumentalities and combinations particularly pointed 
out in the appended claims. 
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To achieve the objects and in accordance with the 
purpose of the invention, as embodied and broadly described 
herein, the present invention provides an iinmunogenic 
oligosaccharide-protein conjugate useful in a vaccine for 
protecting a maxnioal against H« influenzae . The conjugate 
is made up of a PRP fragment, preferably a synthetic 
oligosaccharide, coupled to an H. influenzae adhesin 
protein. Preferably, the oligosaccharides contain from 2- 
30 ribosylribitol phosphate monomiers, and from 1-30 of such 
oligosaccharides are attached to the protein. In an 
alternative embodiment, the oligosaccharide is bound to a 
polypeptide that is an active site of the adhesin protein. 

Preferably, the conjugate is represented by the 
following formula: 




s 

where m is 1-30, n is 2-30, R is (CH2)pCH2NH or 
(CH2CH20)pCH2CH2NHCSNH where p is an integer from 1-3, and 
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X is an H . influenzae adhesin protein or a fragment thereof 
containing an active site of the protein. 

t 

The vaccine comprises an immunologically effective 
amount of the conjugate in a pharmaceutically acceptable 
carrier. Preferably, the vaccine also contains an 
adjuvant. The administration of the vaccine or conjugate 
to a hiunan or other mammal induces a T-cell dependent 
protective immiine response. 

The invention further comprises an isolated and a 
purified H, influenzae adhesin protein and modified 
proteins and polypeptides derived from the adhesin protein, 
provided such derived proteins and polypeptides are 
immunologically cross-reactive with the adhesin protein. 
Preferably, such derivatives are one or more epitopes of 
the adhesin protein. In a particularly preferred 
embodiment, the epitope is also a receptor binding site. 
The proteins and polypeptides may also be used in vaccines 
without being conjugated to the synthetic PRP. 

In one embodiment, the adhesin protein is a minor 
H> influenzae outer membrane protein with a molecular 
weight of about 41,000 daltons. In another preferred 
embodiment, the adhesin protein is an H. influenzae outer 
membrane protein with a molecular weight of about 47,000 
daltons • 

In one embodiment, the adhesin protein is purified 
from H. influenzae bacteria. Hi membranes are solubilized. 
The solubilized material contains the adhesin protein. 
This material is separated from the insoluble material and 

4 
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contacted with receptors for the adhesin protein for period 
of time sufficient for the protein molecules to bind to the 
receptors. The receptors are attached to an insoluble 
solid support. As a result, the protein is separated from 
the solubilized material. The protein molecules are then 
removed from the receptors thereby being recovered in 
purified form. 

In another embodiment, the adhesin proteins and 
related polypeptides of the invention are preferably 
recombinant proteins and polypeptides that have been 
produced through genetic engineering techniques. They are 
produced by an appropriate host cell that has been 
transformed by DNA that codes for such proteins or 
polypeptides • 

An isolated or siibstantially pure DNA sequence that 
codes for the adhesin proteins of the invention is obtained 
as follows. Adhesin protein receptors or antibodies to the 
adhesin, preferably monoclonal antibodies, are used to 
screen a genomic library containing H« influenzae DNA. The 
library is made of* clones which contain different sequences 
of the DNA which have been operably and recoverably 
inserted into a vector, with each of the vectors containing 
only one sequence of the DNA. The monoclonal antibodies or 
receptors identify the clones that produce the adhesin. 
The clone is then isolated. Preferably, the exogenous DNA 
sequences are recovered from the clone. 

The invention further comprises isolated or 
substantially purified DNA derived from this DNA, for 
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exeunple, by single or multiple nutations. PrefereUaly, such 
DNA hybridizes with the DNA obtained from the genomic 
library luider conditions of high stringency. 

« 

The Invention further comprises a synthetic PRP 
oligosaccharide represented by the following formula: 




where n is an integer from 2 to 30 and is (CH2)pCH0 or 
(CH2CH20)pCH2CH2NH2 Where p is an integer from 1 to 3. 

In still another embodiment, the invention provides 
a compound useful as an intermediate in the preparation of 
synthetic PRP of the invention. It is represented by the 
formula: 



* 
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H 



BnO 



OBn l— O— jP OBn 



2 



where n is an integer from 2 to 30, Bn is benzyl, and is 
(CH2)pCH(OR3)2 or (CH2CH20)pCH2CH2R* Where p is an Integer 
from 1 to 3, R^ is an alkyl group 1-4 carbons in length, 
and R^ is a group that can be converted into an amino 
group . 

This compound is prepared using a solid phase 
synthesis. The monomer for chain initiation is a compound 
represented by the following formula; 



BnO 




HO OBn 
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where Bn is benzyl and HMTr is monomethoxytrityl • This 
monomer is coupled to a solid phase and then detritylated. 
The resulting detritylated compound is coupled with a 
monomer for chain elongation represented by the formula: 




where Bn is benzyl and MMTr is monomethoxytrityl. The 
resulting compound is then detritylated. The chain 
elongation and detritylation steps are repeated a 
sufficient number of times until an oligomer of the desired 
length is obtained. The chain terminating monomer is then 
added. The chain terminating monomer is represented by the 
formula: 



* 
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where Bn is benzyl and r2 is (CH2)pCH(OR3)2 or 
(CH2CH20)pCH2CH2R^ where p is an integer from 1 to 3, r3 is 
an alkyl group 1-4 carbons in length, and R* is a group 
that can be converted into an amino group. The phosphonate 
groups of the support-bound oligomer are then oxidized to 
form phosphate groups. The resulting compound is then 
removed from the solid support and recovered. 

The protective groups on this, intermediate are then 
removed by hydrogenation. Where r2 is (CH2CH20)pCH2CH2R^ , 
this results in the synthetic PRP of the invention. In the 
case where r2 is (CH2)pCH(OR3)2, the hydrogenated compound 
is further subjected to selective acid hydrolysis. 

The preferred conjugate of the invention is then 
prepared by coupling the synthetic PRP with the Hi adhesin 
protein by reductive amination where R^ is (CH2)pCH0 or, 
where r1 is (CH2CH20)pCH2CH2NH2, by preparing the cor- 
responding isothiocynate and then coupling the 
isothiocynate with the protein. 
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The accompanying drawings, which are incorporated 
into and constitute a part of this specification, 
illustrate one embodiment of the invention and, together 
with the description, serve to explain the principles of 
the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows an analysis of outer membrane 
preparations by SDS-*polyacrylamide gel electrophoresis. 
Samples included the following (lanes) : 1, total outer 
membrane protein preparation from Haemophilus influenzae 
type b stained with Coomassie blue; 2, autoradiography of 
35s-.iabeled total outer membrane proteins; 3, 
autoradiography of SSg-iabeled adhesin protein eluted from 
immobilized receptor asialo*GMi; 4, autoradiography of 
material eluted from immobilized globoside, a nonsense 
glycolipid. Arrow indicates the adhesin migrating between 
PI and P2 with a molecular weight of about 41 kD. 

Figure 2 shows the neutralization of Haemophilus 
adhesin to the glycolipid receptor asialo-GHi* 
[^^S]methionine*labeled membranes from Haemophilus 
influenza type b were incubated with serial dilutions of . 
mouse sera and then allowed to bind to receptor (0.5 
microgram/well) • The mouse sera used was obtained from 5 
mice, designated H-0 through H5, which had been iiamunized 
with Haemophilus membranes. The sera from an unchallenged 
mouse (NHS) was used as a negative control. 
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Figure 3 shows inhibition of Haetnophilus meiobrane 
binding to asialo-GMi with selected monoclonal antibodies. 
[35s]methionine-labeled membranes from Haemophilus were 
incxobated with supernatants of hybridoma cultures and then 
allowed to bind to receptor (0.5 microgram/well) • A 
negative receptor control of 6b4 indicates the specificity 
of the receptor-ligand interaction. Mouse sera (M-2) 
(1:500 dilution) used in Figure 2 shows strong, positive 
inhibition. Media shows no inhibition of binding by 
membranes to asialo-GMi. Two classes of positively 
inhibiting hybridomas were found. Hib 10 shows total 
inhibition of binding. Hib 30 and Hib 43 show partial 
(about 35%) inhibition. Most hybridoma cultures, such as 
Hib 2, showed no inhibition. All hybridoma cultures tested 
for binding reacted positively with membranes in an ELISA. 
Error bars are included to demonstrate the variability 
between duplicate wells. 

Figure 4 shows the identification and 
characterization of the 47 kDa Haemophilus adhesin. The 
monclonal antibody which partially inhibited membrane 
binding, Hib 43, was reacted on Western blot to identify 
the molecular weight of the protein it recognizes. Whole 
cells were run after no proteinase K treatment or either 
treatment with proteinase K prior to lysis in sample buffer 
or treatment with proteinase K after lysis in sample buffer 
(reading from left to right) . Non-treatment identifies the 
47 kDa protein; treatment of whole cells by proteinase K 
prior to lysis indicates the sensitivity of the protein to 
this protease in its native location; and treatment after 
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lysis by proteinase K demonstrates the general sensitivity 
to this protease after disruption from that native 
location. The Escherichia coli XL-1, transformed with 
pHClOl, expresses the .47 kDa Haemophilus protein, which 
reacts with Hib 43. The 47 kDa protein was also sensitive 
to proteinase K treatment of XL-l/pMClOl whole cells. 
These data suggest a surface location for this protein in 
both hosts. 

Figure 5 shows a restriction map of the region in 
Haemophilus influenza type b that encodes the 47 kDa 
adhesin. A 10.5 kbp Eco Rl fragment that produces the 47 
kDa protein which reacts with Hib 43 monclonal- antibody was 
cloned from an Haemophilus lambda ZAPII genebank. The 
helper phage R408 was used to induce a plasmid containing 
this insert in the vector pSK(-). 

Figure 6 shows the glycol ipid binding phenotype of 
Escherichia coli that express the Hib 47 kDa protein. The 
ability of membranes from the E^ coli, XL-1, or from XL-1 
transformed with pMClOl, designated 3, were compared using 
the standard binding assay. Serial dilutions were made of 
glycolipids with receptor activity: asialo-GMj, asialo-GM2, 
sulfatide, or the negative control, Gb4. XL-l/pMClOl binds 
with high affinity to these receptors, similar to 
Haemophilus . 

Figures 7A and 7B show the nucleotide sequence of 
hin47 (SEQ ID N0:1) and the deduced Hin47 amino acid 
sequence (SEQ ID N0:2) • The nucleotide sequence is 
numbered above each line and the deduced Hin47 amino acid 
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sequence is shown below the line. The open reading frame 
for the hln47 gene Is between nucleotide 115 and 1503. The 
end of the putative leader sequence and beginning of the 
putative mature polypeptide is indicated at nucleotide base 
189* The predicted molecular weight of the mature 
polypeptide is 46399 and it has a pi of 5.86. 

Figure 8 shows the Haemophilus influenza type B, 
strain 9795 Hin47 amino acid sequence compared with the 
sequences of 5 non-typable strains as designated. 
Identical amino acids are indicated by ^. Amino acid 
differences that are conservative with respect to charge 
are noted by lower case letters. Amino acids that differ 
with respect to charge are noted in upper case letters. 

DETAILED DESCRIPTION OF THE INVENTION 

Reference will now be made in detail to the pres- 
ently preferred embodiments of the invention, which, 
together with the following examples, sezve to explain the 
principles of the invention. 

The invention comprises an immunogenic 
oligosaccharide- H, influenzae adhesin protein conjugate 
useful as a vaccine against H, influenzae , purified H> 
influenzae adhesin proteins and related proteins and 
polypeptides, DNA coding for the proteins and polypeptides, 
host cells containing the DNA and producing the proteins 
and polypeptides, synthetic PRP oligosaccharides and 
intermediates useful for their synthesis, and methods of 
making and using these materials. 
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Immunogenic Conjugate 

The conjugate. comprises a polyribosylribitol 
phosphate fragment chemically coupled to a purified ILs. 
influenzae adhesin protein. Preferably, the PRP fragment 
is a synthetic oligosaccharide. From 1 to about 30 and 
preferably from about 5 to 20 of the natural fragments or 
synthetic oligosaccharides are attached to the protein. 

The fragments are attached to the protein by known 
techniques for covalently attaching polysaccharides to 
proteins or polypeptides, applied to the teachings 
contained herein. The preferred techniques here are 
reductive amination or isothiocyanate coupling. 

Any adhesin protein may be used. In one 
embodiment, the purified adhesin protein is a minor Hi 
outer membrane protein with a molecular weight of about 
41,000 daltons, distinct from PI or P2. 

In another preferred embodiment, the purified 
adhesin protein is an Hi outer membrane protein with a 
molecular weight of about 47,000 daltons, distinct from PI- 
PS. 

Alternatively, the protein may be replaced by a 
polypeptide that is an active site of the adhesin protein. 
As used herein, the term "active site" means an epitope 
(antigenic determinant) or an H> influenzae receptor 
binding site, which may or may not also be an epitope. As 
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used herein, the term '^receptor*' is a macromolecule that 
binds to an Hi adhesin protein. The macromolecule is 
preferably a glycosphingolipid. Without intending to limit 
the scope of the invention, it is believed that the binding 
site is an epitope. 

When the PRP fragment is obtained from natural 
sources, it is of varying lengths, but preferably about 8 
to 120 monomers in length. Such fragments are obtained by 
known techniques, such as those described in the above- 
referenced European Patent Office Piablication No. 
0 338 265. 

Synthetic PRP is a linear homopolymer of 
alternating molecules of ribose and ribitol joined by a 
phosphodiester linkage and represented by the formula: 




where n is 2 to 30 and preferably 5-20. Such synthetic 
PRP's include those known in the art as well as the novel 
ones of the invention. For example, the previously 
mentioned European Patent Office Publications. 0 320 942 and 
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0 276 516 disclose synthetic PRP's that could be used in 
the conjugate of the invention. 

Preferably, the synthetic PRP is a compound 
represented by the formula; 



where n is an integer from 2 to 30 and is (CH2)pCH0 or 
(CH2CH20)pCH2CH2NH2 where p is an integer from 1 to 3. 
Preferably n is 5-20 and p is 1* The synthetic PRP will be 
associated with a counter ion. Preferably, the ion is 
sodiiim (Na*^) • 

The synthetic oligosaccharides usually contain a 
chemical spacer or linker by which they are attached to the 
protein. Such a spacer may be any chemical linkage that 
serves to connect the PRP and the protein and that has 
limited or no adverse effect to the animal host when the 
conjugate is administered. Such spacers may include those 
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known in the art as well as the novel spacers of the inven 
tion. Known spacers include those disclosed in the previ- 
ously mentioned European Patent Office Publications 
0 320 942 and 0 276 516 as well as those disclosed in U.S. 
Patent 4,830,852 issued May 16, 1989 to Marburg, et al., 
the latter of which is incorporated herein by reference. 
Preferably, the chemical spacer is a moiety represented by 
the formula: 



o o 




m 

Where R is (CH2)pCH2NH or (CH2CH20)pCH2CH2NHCSNH and p is 
an integer from 1-3, preferably l. 

In the most preferred embodiment of the invention. 

r 

the conjugate is represented by the following formula: 
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where m is 1-30, n is 2-30, R is (CH2)pCH2NH or 
(CH2CH20)pCH2CH2NHCSNH where p is integer from 1-3, and X 
is an H, influenzae adhesin protein or a fragment thereof 
containing an active site of the protein* Preferably, m is 
5-20, n is 5-20, and p is 1, The symbol X in the above- 
referenced formula may also represent certain derived or 
modified proteins or polypeptides discussed below. The 
conjugate will be associated with a counter ion. 
Preferably, the ion is Na"^. 

Adhesin Proteins 

The invention further comprises an isolated JL. 
influenzae adhesin protein. As used herein, in this 
context, the term "isolated" . means that the protein is 
significantly free of other proteins. That is, a 
composition comprising the isolated protein is between 70% 
and 94% pure by weight. Preferably, the protein is 
purified. As used herein, the term "purified" and related 
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terms means that the protein is at least 95% pure by 
weight, preferably at least 98% pure by weight, and most 
prefereJDly at least 99% pure by weight. The protein binds 
to a receptor selected from the group consisting of 
fucosylasialo-6Ml, asialo<-6Ml, and asialo-6M2, all of which 
contain the structure N-acetylgalactosamine (beta 1- 
4) galactose (beta 1-4) glucose- (beta l-l)ceramide abbreviated 
GalNAc (betal*-4 ) Gal (betal-4 ) Glc (betal-1) Cer . The protein 
also binds to another receptor, phosphatidylethanolamine. 

In one embodiment, the protein is a minor outer 
membrane protein with a molecular weight of about 41 KD as 
determined by SDS PAGE. It is distinguishable from the 
various major outer membrane proteins that have been 
identified for Hi. In particular, the protein appears as a 
fainter band between the bands on a polyacrylamide gel for 
the outer membrane proteins known as PI and P2. See Figure 
1. 

This purified Hi adhesin protein is prepared 
preferably from natural sources as follows. Hi bacterial 
meiQbranes are obtained by standard techniques and 
solubilized, using a solubilizing compound, such as a 
detergent. Preferably, the membranes are mixed with the 
detergent, and the mixture is sonicated. The most 
preferred solubilizing agent is a solution containing about 
1.0% to about 1.5% and preferably about 1.3% octyl- 
glucopyranoside. The adhesin protein is in the solubilized 
material. The remaining insoluble material from the 
membrane is separated, preferably by centrifuging. 
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The supernatant is contacted with receptors that 
bind the protein and are attached to an insolxible solid 
support or matrix, such as a microtiter well or a gel, for 
a period of time and under conditions sufficient for the 
protein to bind to the receptors, thus separating the 
protein from the other material. The preferred receptors 
for the adhesin protein are fucosylasialo-GMl, asialo-GNl, 
asialo-*6H2, and phosphatidylethanolamine. These receptors 
can be prepared in accordance with the procedures disclosed 
in Krivan, et al., Proc. Natl> Acad. Sci. USA , 85; 6157-6161 
(1988) , incorporated herein by reference. The most 
preferred receptor, asialo-GMl, is also commercially 
available. All of these receptors, except 
phosphatidylethanolamine, contain the carbohydrate sequence 
GalNAc( beta 1-4) Gal (betal-4)Glc, which, accordingly, may 
also be used as a receptor for the purification of the 
adhesin protein. This sequence can be prepared using 
standard carbohydrate synthesis techniques. 

The adhesin protein is then eluted using the 
appropriate agent. This may be free receptor; in solution, 
SDS elution buffer,- or a chaotropic agent, such as KSCN, 
NaCl, or quanidine hydrochloride. The eluted protein is 
then tested against the receptor to confirm that the 
protein does bind to it. The purity of the isolated 
protein is analyzed by SDS-PAGE. Preferably, it will be 
about 99% pure after affinity purification with the most 
preferred receptor. 

For purification of larger cunounts of the adhesin 
protein, chromatography is preferred. The receptor is 
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immobilized onto a hydrophobic gel support, such as octyl- 
agarose. This matrix is prepared by adsorbing the 
receptors to the hydrophobic gel in the presence of salt as 
described by Hirabayashi, et al. for other glycolipids, 
Hirabayashi, etal., J> Biochem, , 94:327-330 (1983), 
incorporated herein by reference. Photoactivated3le 
heterobifunctional crosslinking agents have also been used 
to prepare glycolipid affinity matrices. Lingwood, C. , Jj. 
Lipid Res . , 25:1010-1012 (1984), incorporated herein by 
reference. In this case, the receptor-active lipid is 
covalently crossl inked to the gel support. The column is 
then prefereUdly washed extensively with an appropriate 
buffer solution, such as TMS-buffer saline, before the 
protein is eluted. 

A more preferred method is to purify the adhesin by 
affinity chromatography using an anti-adhesin monoclonal or 
polyclonal antibody prepared by standard techniques. In 
this case, the antibodies are covalently linked to agarose 
gels activated by cyanogen bromide or succinamide esters 
(Affi-6el, BioRad Inc.) or by other methods known by those 
skilled in the art.. The sonic extract is loaded on the top 
of the gel as described above. 

In another preferred embodiment, the adhesin 
proteins comprise an H, influenzae outer membrane protein . 
with a molecular weight of about 47,000 daltons. Figures 
7A and 7B show the protein amino acid sequence as well as 
the designated nucleotide sequence of the open reading 
frame (ORF) encoding a 49kDa protein. The 49kDa protein 
comprises 463 amino acids (amino acids 1-463 in Figure 7A 
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and 7B) , includes a putative signal sequence of 
approximately 2.5 kDa and 25 amino acids, thereby resulting 
in a mature protein of approximately 47 kDa and 438 amino 
acids (amino acids 26 . through 463 on Figure 7A and B) , 
herein designated Hin47« This protein is distinguishable 
from the known Hi proteins P1-P6 on the basis of molecular 
weight and the fact that those proteins are integral 
membrane proteins, while this protein is an outer membrane 
protein* This protein also binds to the previous mentioned 
receptors as well as to sulfatide, (S03'**-galactose(beta 1- 
l)ceramide) and it is soluble in 1% Sarkosyl (N- 
lauroylsarcosine) • 

This protein is preferably prepared in purified 

♦ 

form as follows. Hi membranes are extracted with a 
solution that removes membrane associated proteins, which 
produces an extract containing the adhesin protein along 
with other membrane associated proteins. Preferably, this 
solution is a nonionic detergent, such as Sarkosyl or 
octylglucopyranoside. The insoluble material is separated 
from the extract, prefereibly by centrifugation. This 
produces a supernatant that contains the adhesin protein. 
The supernatant is then brought into contact with a 
monoclonal antibody which recognizes the adhesin protein. 
The antibody is bound to an insoluble solid support. The 
contact is for a period of time and under standard reaction 
conditions sufficient for the adhesin protein to bind to 
the monoclonal antibody. Preferably, the solid support is 
a material used in a chromatographic column. The adhesin 
protein is then removed from the antibody, thereby 
permitting the recovery of protein in purified form. 
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Preferably, the nonionic detergent solution is removed from 
the supernatant before the supernatant is subjected to the 
affinity chromatography. Such removal is preferably 
accomplished by dialyzing the supernatant to produce a 
dialysate that is substantially free of the detergent. 

The monoclonal antibodies can be prepared by 
standard techniques, given the teachings contained herein, 
such techniques are disclosed, for example, in U.S. Patent 
No. 4,271,145, issued Jtme 2, 1981 to Wands et al. and U.S. 
Patent No. 4,196,265, issued April 1, 1980 to Koprowski et 
al., both of which are herein by reference. Briefly, mice 
are immunized with Hi membranes. Hybridomas are prepared 
by fusing spleen cells from the mice with myeloma cells. 
The fusion products are screened for those producing 
antibodies that bind to the Hi membranes. The positive 
clones are then screened to identify those whose binding 
with the Hi membranes is inhibited by an Hi adhesin 
receptor. The positive hybridomas clones are isolated, and 
the monoclonal antibodies are recovered from those clones. 

* 

Alternatively, the outer membrane proteins could be 
separated on a gel. The 47 JcDa band could be cut out and 
injected into the mice. The hybridomas could be prepared 
and screened as described above. 

The adhesin proteins of the invention are 
preferably produced through genetic engineering techniques. 
In this case, they are produced by an appropriate host cell 
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that has been trans foxned by DNA that codes for the 
proteins. Preferably, the host cell is a bacteriiun, and 
iQOst preferably the bacterium is E, coli , B, subtilis. or 
Salmonella . 

The DNA of the invention is an isolated or 
8\ibstantially purified DNA sequence (i*e«, 0 
polydeo>cyribonucleotide molecule) encoding a protein or 
polypeptide that binds to the previously mentioned 
receptors. Preferably, the DNA of the invention includes 
an open reading frame (ORF) sequence (nucleotides 115 
through 1503 in Figures 7A and B) , designated hin47 . 
encoding an approximate 49 kDa and 463 amino acid protein, 
designated Hin47, as shown in Figures 7 A and B. Most 
preferably, the DNA comprises that part of the ORF that 
does not code for the signal sec[uence (nucleotides 191 
through 1503 in Figures 7A and B) • As used herein, the 
term "isolated" and variations thereof means that the DNA 
is in isolation from DNA encoding other proteins or 
polypeptides normally accompanying the Hi adhesin proteins. 
Thus, the DNA of the invention includes DNA encodiing the 
protein or polypeptide when that DNA has been cloned into a 
microbial vector, such as a plasmid, or into a viral vector 
that may be harbored by a bacteriophage, provided that such 
clones are isolated from clones that contain DNA encoding 
other proteins or polypeptides normally accompanying this 
one. . As used herein, the term "substantially pure" and 
variants thereof means that the DNA is substantially free 
of DNA and RNA that does not encode the proteins or 
polypeptides of the invention. That is, there will be no 
more than about 1% by weight of other DNA and RNA and 
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prefereUaly no more than eOsout 0.2% by weight of other DNA 
and SNA in any sample that contains the DNA of the 
invention. 

Preferably^ the DNA is obtained by using either the 
receptors or monoclonal antibodies to the adhesins to 
screen an appropriate genomic library that contains H. 
influenzae DNA« Such a library comprises colonies of a 
single type of microorganism, generally bacteria like E> 
coli K12 (XL-1) , into which pieces of the foreign DNA have 
been inserted, generally by being incorporated into a 
plasmid, cosmid, or phage vector compatible with the 
microorganism. More specifically, the library comprises 
clones of vectors into which different sequences of the DNA 
have been operably and recoverably inserted, each of the 
vectors containing only one sequence of the DNA. The 
vectors may be plasmids, cosmids, phagemids, or phage 
genomes. If necessary because of the type of library being 
used, segments of DNA will have been inserted into the 
vectors in a manner that they will be expressed under 
appropriate conditions (i.e., in proper orientation and 
correct reading frame and with appropriate expression 
sequences, including an RNA polymerase binding sequence and 
a ribosomal binding sequence.) The microorganisms will be 
ones that do not express the adhesin protein, such as E. 
coli HBIOI. 

Clones from the library are brought into contact 
with the receptors or antibodies to identify those clones 
that bind. The clones are isolated and the exogenous DNA 
sequence is recovered from one of the clones. The sequence 
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is preferably evaluated to determine if it encodes the 
protein • 

Preferably, the genomic library comprises bacteria, 
such as E. coli infected by phage, preferably bacteriophage 
lambda. Plagues produced by the phage infected bacteria 
are screened by monoclonal antibodies to identify those 
plagues containing bacteria that produce the adhesin 
protein. The screening involves contacting the plaques 
with the monoclonal antibody to determine if binding has 
occurred, using standard techniques. Prefercibly, 
immunoassays are used. 

In this preferred embodiment, the positive clones 
are then isolated by purifying the positive plaques and 
inducing plasmid formation in the bacteria in the purified 
placpie with a helper phage according to standard 
techniques . 

In an alternate preferred embodiment, colonies 
containing DNA that encodes an Hi adhesin protein could be 
detected using DYNA Beads according to Olsvick et al., 29th 
ICAAC, Houston, Tex. 1989, incorporated herein by 
reference. The previously described receptors would be 
crosslinked to tosylated DYNA Beads H280, and these 
receptor*containing beads would then be used to adsorb to 
colonies expressing the adhesin protein. Colonies not 
expressing the adhesin would be removed by washing, and 
this process would be repeated to obtain an appropriate 
enrichment. Putative adhesin expressing colonies would 
then be plated and confirmed by met2ibolically labeling each 
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colony with 35S-methionine and testing the cQ3ility of the 
colony to bind to the receptor as previously described. 
The DNA from several adherring clones would be compared to 
identify shared sequences, and these shared sequences would 
be further sxibcloned and characterized. 

Alternatively, the receptors could be 
nonspecifically immobilized to a suitable support, such as 
silica or Sealite resin. This material would then be used 
to adsorb to colonies expressing the adhesin protein as 
described in the preceding paragraph. 

In another alternate preferred embodiment, the gene 
for a specific adhesin would be localized and identified by 
constructing non-adherent mutants of a specific pathogen. 
This would be accomplished by creating mutants using a 
transposable element such as TnPhoA as described in Hanoil 
et al., Proc. Natl, Acad. Sci. USA , 82:81129-81133 (1985), 
incorporated herein by reference. Alkaline phosphatase 
positive mutants would indicate mutations within exported 
proteins. Since the adhesin for each pathogen is located 
on the outer membrane surface and therefore exported, this 
set of mutants would contain a much reduced subset of 
mutants. They would then be screened for a loss in binding 
activity . 

It will be recognized by persons skilled in the art 
that a DNA sequence for an Hi adhesin protein can be 
modified by known techniques in view of the teachings 
disclosed herein. For example, different codons can be 
substituted that code for the same amino acid as the 
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original codon. Alternatively, the substitute codons may 
code for a different amino acid that will not affect the 
immunogenicity of the protein or which may improve its 
immunogenicity • For example, oligonucleotide directed, 
site specific mutagenesis or other techniques to create 
single or multiple mutations, such as replacements, 
insertions, deletions, and transpositions, as described in 
Botstein and Shortle, "Strategies and Applications of in 
Vitro Mutagenesis," Science , 229:1193-1210 (1985), which is 
incorporated herein by reference, can be employed. Since 
such modified DNA can be obtained by the application of 
known techniques to the teachings contained herein, such 
DNA is within the scope of the claimed invention. 

Moreover, it will be recognized by those skilled in 
the art that the DNA sequence (or fragments thereof) of the 
invention can be used to obtain other DNA sequences that 
hybridize with it under conditions of moderate to high 
stringency (including the derived sequences discussed in 
the preceding paragraph) , using general techniques known in 
the art. That is, the hybridizing sequences are at least 
90% homologous and preferably at least 95% homologous to 
hin47 . Accordingly, the DNA of the invention includes such 
DNA. 

The DNA of the invention may be used in accordance 
with known techniques, appropriately modified in view of 
the teachings contained herein, to construct an expression 
vector, which is then used to transform a microorganism for 
the expression and production of the adhesins of the 
invention. Such techniques include those disclosed in U.S. 
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Patent Nos. 4,440,859 issued April 3, 1984 to Rutter et 
al., 4,530,901 issued July 23, 1985 to Weissman, 4,582,800 
issued April 15, 1986 to Crowl, 4,677,063 issued June 30, 
1987 to Mark et al., 4,678,751 issued July 7, 1987 to 
Goeddel, 4,704,362 issued November 3, 1987 to Itakura et 
al., 4,710,463 issued December 1, 1987 to Murray, 4,757,006 
issued July 12, 1988 to Toole, Jr., et al., 4,766,075 
issued August 23, 1988 to Goeddel, et al., and 4,810,648 
issued March 7, 1989 to Stalker, all of which are 
incorporated herein by reference. 

The DNA of the invention may be joined to a wide 
variety of other DNA sequences for introduction into an 
appropriate host cell. The companion DNA would depend upon 
the nature of the host cell, the manner of the introduction 
of the DNA into the host cell, and whether episomal 
maintenance or integration is desired. 

Generally, the DNA is inserted into an expression 
vector, such as a plasiaid, in proper orientation and 
correct reading frame for expression. If necessary, the 
DNA may be linked to the appropriate transcriptional and 
translational regulatory control nucleotide sequences 
recognized by the desired host, although such controls are 
generally available in the expression vector. The vector 
is then introduced into the host through standard 
techniques • 

Generally, not all of the hosts will be transformed 
by the vector. Therefore, it will be necessary to select 
for transformed host cells. Once selection technique 
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involves incorporating into the expression vector a DNA 
sequence, with any necessary control elements, that codes 
for a selecteUsle trait in the transformed cell, such as 
antibiotic resistance.. Alternatively, the gene for such 
selectable trait can be on another vector, which is used to 
co-transform the desired host cell. The preferred 
expression vector for use in the invention is the plasmid 
pMClOl. The preferred host cell is E. coli . 

The transformed host cells express the proteins or 
polypeptides of the invention. Such cells are cultured by 
known techniques, and the proteins or polypeptides are 
recovered by known technic[ues« Depending upon the host and 
expression system used, the recombinant proteins and 
polypeptides of the invention may be part of a fusion 
protein produced by the transfozrmed host cells. Such 
proteins are recovered by known techniques, and the 
undesired part may be removed by known techniques. 
Alternatively, the fusion protein itself may be more 
immunogenic than the recombinant protein or polypeptide 
alone and, therefore, may itself be used in a vaccine. 

If desirable, the adhesins can be further purified 
by the application of standard protein purification 
techniques, modified and applied in accordance with the 
discoveries and teachings described herein. Such 
techniques include electrophoresis, centrifugation, gel 
filtration, precipitation, dialysis, chromatography 
(including ion exchange chromatography, affinity 
chromatography, immunoadsorbent affinity chromatography, 
reverse-phase high performance liquid chromatography, and 
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gel permeation high perf ormiance liquid chromatography) , 
isoelectric focusing, and variations and combinations 
thereof . 

One or more of these techniques are employed 
secpientially In a procedure designed to separate molecules 
according to their physical or chemical characteristics. 
These characteristics include the hydrophobicity, charge, 
binding capability, and molecular weight of the protein. 
The various fractions of materials obtained after each 
technique are tested for their ability to react with the 
adhesin receptors. Those fractions showing such activity 
are then subjected to the next technique in the sequential 
procedure, and the new fractions are tested again. The 
process is repeated until only one fraction reactive with 
the receptors remains and that fraction produces only a 
single band when subjected to polyacrylamide gel 
electrophoresis . 

The preferred techniques include those identified 
and described in U.S. Patent No. 4,446,122 issued Hay 1, 
1984 to Chu, et al.., which is incorporated herein by refer- 
ence. Preferably, the adhesins are purified by receptor 
affinity chromatography or antibody affinity 
chromatography . 

Modified Adhesins 

The adhesins of the invention may be modified by 
known protein modification techniques. Such modifications 
include breaking the protein into fragments that contain at 
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least one active site or the addition, substitution, or 
deletion of one or more amino acids to the protein or a 
fragment thereof. Preferably, such derived proteins or 
polypeptides are immunologically cross*-reactive with the Hi 
adhesin proteins, thus being capable of eliciting an 
antigenic response to H> influenzae in an animal host. 
Most preferably, such derived proteins or polypeptides also 
bind to an K. influenzae receptor selected from the group 
consisting of .fucosylasialo^GMl, asialo-6Hl, and asialo- 
GH2. (As used in this specification, the term 
"polypeptide" also includes shorter chains of amino acids 
that are often referred to as peptides.) Such 
modifications may enhance the immunogenicity of the protein 
or have no effect on such activity. The modification 
techniques include those disclosed in U.S. Patent No. 
4,526,716, issued July 2, 1985 to Stevens, incorporated 
herein by reference. 

The proteins of the invention may contain one or 
more amino acid sequences that are not necessary to their 
immunogenicity. It may be the case, for example, that only 
the amino acid sequences of a particular epitope of the 
antigen will be necessary for immunogenic activity. 
Unwanted sequences can be removed by techniques well-known 
in the art. For example, unwanted amino acid sequences can 
be removed via limited proteolytic digestion using enzymes 
such as trypsin, papain, or related proteolytic enzymes. 

This latter approach is expected to be particularly 
useful for the adhesin protein of the invention. Since the 
protein binds to several related receptors having a 
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consensus sequence, the protein should have a well 
conserved region that acts as the receptor binding site. 
This site is the particularly preferred polypeptide of the 
invention. 

Alternatively, polypeptides corresponding to 
various immunogenic epitopes and/or the receptor binding 
site of the protein may be chemically synthesized by 
methods well-known in the art, given the teachings 
contained herein. These include the methods disclosed in 
U.S. Patent No. 4,290,944, issued September 22, 1981 to 
Goldberg, incorporated herein by reference. 

Modified proteins or polypeptides can be prepared 
that are substantially homologous to the Hi adhesin protein 
or to the polypeptides discussed above through the use of 
]cnown techniques and routine experimentation in view of the 
teachings contained herein. As used herein, the term 
"substantially homologous" means immunologically cross- 
reactive. Such a protein or polypeptide may be identified 
by the fact that it will bind to antibodies that were made 
to the adhesin protein of the invention, which antibodies 
can be prepared by standard techniques. Some of such 
modified proteins or polypeptides may have enhanced 
immunogenicity compared to the one from which they are 
derived • 

Thus, the invention includes a class of derived 
proteins and polypeptides, including synthetically derived 
peptides or fragments of the adhesin protein, having common 
elements of origin, structure, and mechanism of action. 
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such as immunogenic effect or being able to bind to the 
previously mentioned receptors, that are within the scope 
of the present invention because they can be prepared by 
persons skilled in the art without undue experimentation, 
once given the teachings of the present invention. 
Moreover, since persons skilled in the art can make 
modifications to or derivatives of epitopes or the receptor 
binding site on the proteins or polypeptides of the 
invention, once such epitopes or site are identified, such 
modifications or derivatives are within the scope of the 
invention. Such derived proteins and polypeptides are 
preferably pure as that term was previously defined herein. 

The Hi adhesin protein of the invention (as well as 

■ 

the related proteins and polypeptides derived therefrom) 
has utility not only in the conjugate vaccine but as an 
immunogen in its own right. Thus, it can be used in a 
vaccine for animals, including meunmals, rodents, primates, 
and hximans. The preferred use is a vaccine for humans, 
preferably children, and most preferably young infants. 

* 

Such a vaccine can be prepared by techniques known 
to those skilled in the art and would comprise, for 
example, the antigen, a pharmaceutical ly acceptable car- 
rier, an appropriate adjuvant, and other materials 
traditionally found in vaccines. An immunologically effec- 
tive amount of the antigen to be used in the vaccine is 
determined by means known in the art in view of the teach- 
ings herein. 
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Synthetic PRP 

The invention further comprises novel synthetic PRP 
represented by the formula: 



H 




where n is an integer from 2 to 30, preferably 5-20, and r1 
is (CH2)pCH0 or (CH2CH20)pCH2CH2NH2 where p is an integer 
from 1 to 3, preferably 1. The ability to prepare this 
novel synthetic PRP permits the preparation of compositions 
where all of the PRP oligosaccharides are of the same 
length (i.e., have the same number of. monomer ic units), in 
contrast to PRP obtained from natural sources, where the 
fragments vary tremendously in length. 

The PRP of the invention is prepared by a combina- 
tion of solid phase synthesis and the highly efficient H- 
phosphonate method for the construction of the 
phosphodiester linkage. It also involves the use of gels 
with higher levels of functionalization, which are better 
suited for commercial scale operations. 
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The general approach is to prepare a protected 
oligomer ic ribosylribitol phosphate derivative by the 
following steps. First, the monomer for chain initiation 
is coupled to a solid phase. The monomer is represented by 
the formula: 




where Bn is benzyl and MMTr is monomethoxytr ityl . See 
Compound 7, Table 1. The preferred solid phase is a 
Merrif ield-type amino resin. The chain initiation monomer 
(Compound 7) is coupled to the solid phase by known 
techniques, such as reaction with succinic anhydride, 
followed by coupling of the obtained succinate of Compound 
7 to amino groups of the solid phase. The loading is 
determined by colorimetric quantification of the trityl 
cation released on acid treatment. The coupled compound is 
then detritylated, such as by treatment with 
trifluoroacetic acid in dichloromethane. 
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Chain elongation is accomplished by coupling the 
detritylated chain initiation monomer with a compound 
represented by the formula; 




' ' OBn 



OBn 

OBn 

OBn 
OMMTr 



where Bn is benzyl and MMTr is monomethoxytrityl . See 
Compound 8, Table 1. (The compoxuid will be associated with 
a counter ion. Preferably, the ion is an organic cation, 
such as triethyl aimnonium. ) The coupling is accomplished 
by using a condensing reagent, such as pivaloyl chloride. 
The resulting compound is then detritylated. The chain 
elongation-detritylation steps are repeated a sufficient 
number of times to prepare an oligosaccharide of the 
desired length. Thus, if n represents the desired number 
Of PRP monomers in the oligosaccharide, the chain 
elongation-detritylation cycles are repeated n-2 times 
after the coupling of the chain initiation monomer and the 
first chain elongation monomer. 

The chain is terminated by coupling it with a chain 
termination monomer represented by the following formula: 
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BnO 



(CH2CH2O) pCH,CHjR^ ""n/is a group that can be converted 
carbons in length, and R 1 ^^^e 2. 

into an amino group. See c p ^ counter ion. 

,«.e compound will be -^^^^^^^^ „^,„„, 3U=h a. triethyl 
preferably, the ion xs an °^9anx^^^ ^^^^ 

^oniu. ) ^»f;*^^;,Li„orUcetyl. ben.yloxyoarbonyl , 
preferably, R** is W3» 
or fluorenylmethoxycarbonyl. 



* 4.>,ft solid-bound oligomer 
The phosphonate groups "JJ^^ ^ preferably, 



The pnosp" •■ - aroups. Preferaoiy, 

are then oxidized to ^^J^J^ZTJ^ ^" — 

this is accomplxshed by i^re 



pyridine 



is then removed from this 
The resulting compound xs ^ethanolysis 
4. r>^«ferably through cleavage oy « 
solid support, P'^^^^^^ ; represented by the formula: 
The recovered compound xs repr 

■ 
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H 




O O 



O 08n 



OQn 
OBn 

l\ 
O 



BnO 




OBn 



Where n is an integer from 2 to 30 
benzyl, and r2 ^^^^J 

' ^^^^ 3. (The compound will be 
counter ion. Preferably, the ion is 
substituted ammonium.) 



preferably 5-2 0, Bn is 
See Compounds 13 and 

associated with a 
aMDonium or 



The resulting compound is th<.« 
hyarogenation with palladium I k ^^^P^otected by 
Where r2 i3 (CH^) r^clTo^T .1 the case 

further subjected to selective .^ T^ co-pound is 

treatnent with a<^eous trm "^^'l^'i^, such as hy 

- ou^cers «e"ri«e""n::::::: ™- 

preferably by lon-exchange oLo^^ 
"-ration, se, =o„pou„i: TZTZ.T 

»ono„er , 'CoLTa„Tth~ T ^""-"o" 
compound 8. n,e readily a^L^, '^""f^ion „o„o„er, 

isopropyiide„e-beta!D-rLor 

et »i , "^^o "-ribofuranoside (Compound 1> /, 

"l-- J. Hef.. 3 ' ompound 1) (Leonard, 

-rence, is ..d as starti^ 2:^^^^^^^ 
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Compound 1 with allyl bromide/ sodium hydroxide in N,N- 
dimethylformamide gives the expected 5-0-allyl Compound 2 
as an oil that can be distilled. This compound is 
siibjected to a sequence of reactions comprising hydrolysis 
with aqueous formic acid, sodium borohydride reduction, 
tritylation with triphenylmethylchloride/pyridine, 
benzylation with benzyl chloride/sodium hydroxide in N,N- 
dimethylformamide, and hydrolysis with aqueous acetic acid. 
The resulting Compound 3 is purified by silica gel 
chromatography • 

Benzylation of Compound 1 with benzyl chloride/ 
sodium hydroxide in N , N-dimethyl f ormamide gives the 
expected 5*0-benzyl compound 4 as an oil that can be 
distilled. This compound is subjected to a sequence of 
reactions comprising hydrolysis with aqueous formic acid 
and benzoylation with benzoyl chloride in pyridine, giving 
Compound 5, which is purified by chromatography and 
crystallization. Compound 5 is subjected to a further 
sequence of reactions, comprising treatment with hydrogen 
bromide in dichloromethane to prepare the glycosyl bromide, 
followed by treatment with methanol and collidine. The 
resulting orthoester is then debenzoylated with sodium 
methoxide in methanol- The resulting product is allylated 
with allyl bromide/ sodium hydroxide in N,N- 
dimethy If ormamide to give, after purification by silica gel 
chromatography. Compound 6. 

« 

Glycosylation can be accomplished by several 
methods . In the preferred method (A) , Compound 6 is 
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treated with trimethylsilyl chloride to give the cor- 
responding glycosyl chloride, which, when treated with 
Compound 3 in the presence of molecular sieves, gives a 
ribltol glycoside. Alternatively (B) , Compound 6 is 
transesterified in the presence of Compound 3. The 
resulting ribitol orthoester is then rearranged in situ to 
give the ribitol glycoside. 

The ribitol glycoside is then subjected to 
debenzoylation with sodium methoxide in methanol and 
benzylation with benzyl chloride/ sodium hydroxide in N,N- 
dimethylformamide. The resulting 5-0-allyl-2 , 3 , 4-tri-O- 
benzyl-1-0- (3-0-allyl-2 , S-di-O-benzyl-beta-D- 
ribofuranosyl)-D-ribitol is deallylated by treatment with, 
successively, tris- (triphenylphosphine) rhodium (I) chloride 
and aqueous acetic acid and monomethoxytritylated with 
monomethoxytrityl chloride. The resulting chain initiation 
monomer (Compound 7) is purified by chromatography. 

The condensation reaction of Compound 7 with 
phosphorous acid/5 , 5-dimethyl-2-oxo-2-chloro-l , 3 , 2- 
dioxaphosphorinane . gives the chain elongation monomer 
(Compound 8) . 

Table 2 shows the synthesis of the monomers for 
chain termination. Compound 6 is reacted with 
trimethylsilyl chloride to give the corresponding chloride, 
which is reacted with the appropriate alcohols in the pres- 
ence of molecular sieves to give beta-glycosides of the 
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alcohols. Preferably, the alcohols are 2-(2- 
az idoethoxy ) ethanol , 2 * [ 2 

benzyloxycarbonylamido) ethoxy ] ethanol , or 2,2- 
diethoxy ethanol • The beta-glycos ides are siibjected to the 
reaction sequence debenzoylation, benzylation, and 
deallylation, as in the preparation of Compound 7, which 
gives Compounds 9 or 11. Condensation with phosphorous 
acid/5-5-dimethyl-2-oxo-2-chloro-l, 2 , 3-dioxa-phosphorinane 
according to the same procedure used to prepare Compound 8 
gives the desired spacer-containing monomers (Compounds 10 
or 12) . 

Table 3 shows the specific PRP oligomers obtained 
after solid phase synthesis employing Compounds 7, 8, and 
10 or 12. Compounds 13 and 15 are the protected oligomers 
after removal from the solid support, and Compounds 14 and 

« 

16 are the final oligomers after deprotection . 

The preferred use of the novel PRP is in the 
preparation of the novel immunogenic conjugates. The 
oligomer is coupled to one of the proteins or polypeptides 
of the invention by standard techniques applied to the 
teachings contained herein. When the spacer terminates in 
an aldehyde group, the preferred technique is reductive 
amination using sodium borohydride as described in Roy, et 
al., J . Carbohvdr . Chem . 6:161-165 (1987) and Lee, et al., 
Carbohvdr . Res . . 77:149-156 (1979), both of which are 
incorporated by reference. When the spacer terminates with 
an amino group, the PRP is converted into the isothiocynate 
by treatment with an activated thiocarbonic acid 
derivative, such as thiophosgene, and then coupled to the 
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protein at a pH of 9-10 in accordance with the procedures 
described in Kallin, et al., Glycocon-i uaate J. . 3:311-319 
(1986) and Zopf, et al., Methods Enzvmol . . 50:171-175 
(1978), both of which. are incorporated herein by reference. 
The ratio of protein/carbohydrate is detexmined by a 
combination of Lowry protein determination and ribose 
determination. The ratio is primarily a function of the 
ratio of carbohydrate to protein in the initial reaction 
mixture and the type of spacer used. As shown in Example 
3, the use of a spacer terminating in an amino group 
(Compound 16) results in a greater number of 
oligosaccharides being coupled to the protein than the use 
of a spacer terminating in an aldehyde group (Compound 14) . 
Table 4 shows the formulas of the final conjugates. 

■ 

* 

Vaccines 

The adhesln-oligosaccharlde conjugates, as well as 
their protein components as previously mentioned, may be 
used in vaccines against both invasive and non-invasive 
strains of H, influenzae . The conjugate vaccines should 
have greatest utility against H. influenzae type b. 

■ 

The vaccines comprise an immunologically effective 
amount of the immunogen in a pharmaceutical ly acceptable 
carrier. The combined iinmunogen and carrier may be an 
aqueous solution, emulsion, or suspension* An im- 
munologically effective amount is determinable by means 
known in the art without undue experimentation, given the 
teachings contained herein. In general, the quantity of 
immunogen will be between 0.1 and 100 micrograms per dose. 
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The carriers are known to those skilled in the art and 
include stabilizers, diluents, and buffers. Suitable 
stabilizers include carbohydrates, such as sorbitol, 
lactose, nanitol, starch, sucrose, dextran, and glucose and 
proteins, such as albumin or casein. Suitable diluents 
include saline. Hanks Balanced Salts, and Ringers solution. 
Suitable buffers include an alkali metal phosphate, an 
alkali metal carbonate, or an alkaline earth metal 
carbonate. The vaccine may also contain one or more 
adjuvants to improve immunogenicity. Suitable adjuvents 
include aluminum hydroxide, aluminiim phosphate, or aluminxim 
oxide or a composition that consists of a mineral oil, such 
as Marcol 52, or a vegetable oil and one or more 
emulsifying agents. 

> 

The vaccine may also contain other immunogens. 
Such a cocktail vaccine has the advantage that immunity 
against several pathogens can be obtained by a single 
administration. Exaunples of other immunogens are those 
used in the known DPT vaccines. 

* 

The vaccines of the invention are prepared by 
techniques known to those skilled in the axrt, given the 
teachings contained herein. Generally, the immunogens are 
mixed with the carrier to form a solution, suspension, or 
emulsion. One or more of the additives discussed above may 
be in the carrier or may be added subsequently. The vac- 
cine preparations may be dessicated, for example, by freeze 
drying for storage purposes. If so, they may be 
subsequently reconstituted into liquid vaccines by the ad- 

* 

dition of an appropriate liquid carrier. 
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The vaccines are administered to humans or other 
mammals, including rodents and primates. Preferably, they 
are administered to hximan children, most preferably 
children younger than 18 months of age. They can be 
administered in one or more doses. The vaccines may be 
administered by known routes of administration for this 
type of vaccine. The preferred routes are intramuscular or 
subcutaneous injection. Accordingly, the invention also 
comprises a method for inducing an immune response to Hi in 
a mammal in order to protect the mammal against infection 
by invasive or non- invasive Hi. The method comprises 
administering an immunologically effective amount of the 
immunogens of the invention to the host and, preferably, 
administering the vaccines of the invention to the host. 

Reagents 

The conjugates, protein/polypeptides, and oligomers 
of the invention are also useful as reagents for scientific 
research on the properties of pathogenicity, virulence, and 
infectivity of Hi, as well as host defense mechanisms. For 
example, the DNA of the invention can be used in an 
oligonucleotide probe to identify the DNA of other 
microorganisms that might encode an adhesin for such 
organism. The protein of the invention could be used to 
make a monoclonal antibody that could be used to further 
purify compositions containing the protein by affinity 
chromatography. The protein could also be used in standard 
immunoassays to screen for the presence of antibodies to IL. 
• influenza in a sample. A composition in accordance with 
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the present invention useful as an investigational reagent 
contains an amount of conjugate, protein/polypeptide, or 
oligomer effective to provide the information or analysis 
sought. The determination of the amount necessary to 
accomplish a particular research goal depends upon the 
specific type of investigation involved and is readily 
within the routine skill of one engaged in such research, 
once given the teachings contained herein. 

It is to be understood that the application of the 
teachings of the present invention to a specific problem or 
environment will be within the capabilities of one having 
ordinary skill in the art in light of the teachings 
contained herein. Examples of the products of the present 
invention and processes for their preparation and use 
appear in the following examples. 

EXAMPLE 1 

Preparation of Synthetic PRP Oligo saccharide 

The preparation of the synthetic PRP 
oligosaccharides of the invention is illustrated as 
described herein and as shown in the reaction schemes 
outlined in Tables 1-3. 

Methyl 5-0-allyl-2 , 3-O-isopropylidene-beta-D- 

ribofuranoside (Compound 2) 
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A solution of methyl 2, 3-0-isopropylidene-beta-D- 
ribofuranoside (Compound 1, 50*0 g) , N,N-dimethyl formamide 
(250 ml), and powdered sodium hydroxide (55.0 g) was 
stirred while allyl bromide (50.0 ml) was added dropwise. 
After 2h, the excess allyl bromide was destroyed by addi- 
tion of methanol (50 ml). After being stirred for another 
hour, the mixture was partitioned between water and 
toluene. The organic phase was washed with water, dried 
with magnesium sulfate, and concentrated. Barium carbonate 
(250 mg) was added and the oil was distilled at 90-95 *C, 
0.75 mm Hg. The yield of Compound 2 was approximately 90%. 

5-0-allyl-2 , 3 , 4-tri-O-benzyl-D-ribitol (Compound 3 ) 

Methyl 5-0-allyl-2 , 3-O-isopropylidene-beta-D- 
ribofuranoside (Compound 2, 1.5 g) in aqueous formic acid 
(25 ml) was heated on an oil bath at 100 ""C for 10 hrs and 
was then concentrated and coevaporated twice with water. 
The obtained syrupy material, consisting mainly of 5-0- 
allyl-D-ribose and residual formic acid, was dissolved in 
water (25 ml), and the pH was adjusted to 7 with aqueous 
ammonia. Sodium borohydride (0.5 g) was added, and the 
mixture was stirred for 3h, then adjusted to pH 7 with 
acetic acid, and concentrated. After three co- 
concentrations with acetic acid-methanol (1:1) and two co- 
concentrations with methanol, the residue was dissolved in 
water (50 ml) , and the solution was slowly passed through a 
column of Dowex-50Wx2 (H+ form, 50-100 mesh, 2x20 cm) ion 
exchange resin. The eluate, consisting mainly of 5-0- 
allyl-D-ribitol, was concentrated, taken up in pyridine. 
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concentrated, and taken up again in pyridine (25 ml) . 
Triphenylmethyl chloride (8.0 g) was added, and the mixture 
was stirred at room temperature for 16h, then methanol 
(2.0 ml) was added. After 15 min, the mixture was 
partitioned between dichloromethane and water. The organic 
layer was washed with water, sulfuric acid, and aqueous 
sodium hydrogen carbonate, dried (magnesium sulfate) , and 
concentrated. The residue was dissolved in N,N*dimethyl 
formamide (25 ml). The solution was stirred while powdered 
sodium hydroxide (3.5 g) was added, followed by benzyl 
chloride (4.40 ml, dropwise) • After 2 hours, methanol 
(5 ml) was added, and after 15 min the mixture was 
partitioned between toluene and water. The organic layer 
was washed with water and. concentrated. The residue was 
dissolved in 90% aqueous acetic acid (50 ml) and heated to 
100 ""C for 2h, then concentrated and co-concentrated with 
toluene. The residue was purified by chromatography on 
silica gel. The compound was eluted with toluene-ethyl 
acetate 9:1. The yield of syrupy Compound 3 was 48%. 

* 

Methyl 5-0-benzyl-2 , 3-0-isopropylidene-beta- 

D-ribofuranoside (Compound 4) 

A solution of methyl-2,3-0-isopropylidene-beta~D 
ribofuranoside (Compound 1, 50 g) , N,N-dimethyl formamide 
(250 ml) , and powdered sodium hydroxide (50 g) was stirred 
while benzyl chloride (64 ml) was added dropwise. After 
2h, the excess of benzyl chloride was destroyed by addition 
of methanol (50 ml) . After being stirred for another hour, 
the mixture was partitioned between water and toluene. The 
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organic phase was washed with water, dried with magnesium 
sulfate, and concentrated. Barium carbonate (250 mg) was 
added and the oil was distilled at 115-120' C, 0.4 mm Hg. 
The yield of Compound .4 was approximately 90%. 

Methyl 5-0-benzyl-2 , 3-di-0-ben2oyl-beta- 
D-ribofuranoside (Compound 5) 

A solution of methyl 5-0-benzyl-2 , 3-0- 
isopropylidene-beta-D-ribofuranoside (Compound A, 23 g) in 
95:5 formic acid-water (200 ml) was kept at room 
temperature for 30 min, then cooled in ice. The cooled 
solution was poured into a vigorously stirred mixture of 
crushed ice, aqueous sodium hydroxide (240 g in 2000 ml) , 
and dichloromethane (1000 ml) . The mixture was shaken well 
in a separatory funnel, the organic layer was separated, 
and the aqueous layer was extracted four times with 500 ml 
portions of dichloromethane. The combined organic 
extracts, containing mainly methyl 5-p-benzyl-beta-D- 
ribofuranoside were concentrated. Dry pyridine (50 ml) was 
added, the mixture was concentrated, then dry pyridine 
(150 ml) was added again. The mixture was cooled in ice 
while benzoyl chloride (34 ml) was added dropwise. The 
mixture was further stirred at room temperature overnight, 
then water (2 ml) was added to destroy excess benzoyl 
chloride. The mixture was then partitioned between water 
(1000 ml) and dichloromethane (500 ml). The organic layer 
was washed with 2 M aqueous sulfuric acid, then with 1 M 
aqueous sodium hydrogen carbonate. Concentration yielded a 
syrup, which was purified on a column of silica gel. The 
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fractions containing pure material were pooled and 
concentrated. The material could be crystallized from 
methanol in the cold, mp 68-69 The yield of Compound 5 
was 22-41%. The chromatography also gave some starting 
material (Compound 4} in pure form (5-20%) • 

3 -0-al ly 1-5-0-benzy 1 -1,2 -O-methoxybenzy 1 idene- 

alpha-D-r ibof uranose ( 6 ) 

A solution of hydrogen bromide in dichloromethane 
was prepared by mixing dichloromethane (150 ml), methanol 
(3.0 ml), and acetyl bromide (6.0 ml). Then methyl 2,3-di- 
O-benzoyl-5-O-benzyl-beta-D-ribof uranoside (Compound 5 , 
4.62 g) was added, and the mixture was stirred at room 
temperature for 30 min. , after which the mixture, contain- 
ing mainly 2 , 3-di-0-benzoyl-5-0-benzyl-alpha-D- 
ribofuranosyl bromide, was cooled in ice while collidine 
(25 ml) was added dropwise with stirring, followed by 
methanol (10 ml) • The mixture was further stirred for 3h 
at room temperature, then washed with water, concentrated, 
and co-concentrated with methanol. The residue, containing 
mainly 3-0-benzoyl-5-0-benzyl-l , 2-0-methoxybenzylidene- 
alpha-D-r ibof uranose, was dissolved in methanol (50 ml) , 
and a solution of sodium methoxide in methanol (0.5 M, 
20 ml) was added. After 2h at room temperature, the 
mixture was neutralized by addition of C02(s), then 
concentrated and co-concentrated once with N,N- 
dimethylformamide. The residue was dissolved in N^N- 
dimethylformamide (50 ml) and stirred at room temperature 
while powdered sodium hydroxide (3.0 g) was added, followed 
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by allyl bromide (3.0 ml). After Ih, the mixture was 
partitioned between water and toluene, the organic layer 
was washed with water, and concentrated. The residue was 
purified by chromatography on silica gel using toluene- 
ethyl acetate-pyridine (90:10:1) as the eluant. The ap- 
propriate fractions were pooled and concentrated to give 
Compound 6 (1.90 g, 48%) as a colorless syrup. 

2,3, 4-tri-0-ben2yl-l-0- (2 , 5-di-O-benzyl-beta-D- 

r ibof uranosyl ) -5-0-monomethoxytr ityl-D-r ibitol ( Compound 7 ) 

Glycosidation Method A 

Compound 6 (4.0 g) was dissolved in trimethylsilyl 
chloride (20 ml) • After 20 min. at room temperature, the 
solution was concentrated, then co-concentrated with dry 
dichloromethane. The residue was dissolved in dry 
dichloromethane (25 ml) containing powdered 4 A molecular 
sieves (5.0 g) and Compound 3 (4.6 g) • The mixture was 
stirred at room temperature overnight. The mixture was 
filtered and concentrated. The residue was purified by 
coltimn chromatography (toluene-ethyl acetate 15:1 as 
eluant) and then taken up in 0.04M methanolic soditim 
methoxide (50 ml) . After 1 hr at room temperature, the 
mixture was neutralized by addition of C02(s), then 
concentrated and co-concentrated once with N , N- 
dimethylformamide. The residue was dissolved in N,N- 
dimethylformamide (50 ml) and stirred at room temperature 
while powdered sodium hydroxide (3.0 g) was added, followed 
by benzyl chloride (3.0 ml). After Ih, the mixture was 
partitioned between water and toluene, and the organic 
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layer was washed with water and concentrated. The residue 
was purified by chromatography on a short column of silica 
gel using toluene-ethyl acetate (9:1) as eluant. The frac- 
tions containing 5-o-allyl-2,3,4-tri-0-benzyl-l-0-(3-0- 
allyl-2 , 5-di-O-benzyl-beta-D-ribof uranosyl ) -D-ribitol were 
pooled and concentrated. The residue was dissolved in 
30:12:4 ethanol -toluene-water (75 ml), and the solution was 
ref luxed in the presence of 

tris(triphenylphosphine) rhodium (I) chloride (200 mg) until 
thin-layer chromatography showed complete conversion. The 
mixture was concentrated and taken up in acetic acid-water 
(30ml, 9:1 by vol\ime) and the mixture was heated to 80 
for 1 hour, concentrated and the residue was partitioned 
between diethyl ether and water, dried, and concentrated. 
The residue, containing mainly 2,3,4-tri-O-benzyl-l-0-(2,5- 
di-O-benzyl-beta-D-ribofuranosyl) -D-ribitol, was taken up 
in dry pyridine (50 ml) , and monomethoxytrityl chloride 
(3.5 g) was added. The mixture was stirred overnight, then 
methanol was added to destroy the excess chloride. After 
30 min, the mixture was partitioned between dichloromethane 
and water, then washed with aqueous sulfuric acid and 
aqueous sodium bicarbonate, dried, and concentrated. The 
residue was purified by chromatography on a column of 
silica gel using toluene-ethyl acetate (9:1, containing 1% 
pyridine) as eluant. The appropriate fractions were pooled 
and concentrated to give Compound 7 (4.9 g, 50%, calculated 
from 6) as a colorless syrup. 

Glvcosidation Method B 

Compounds 3 (4.6 g) and 6 (4.0 g) were dissolved in 
•dry nitromethane (60 ml) . Methanol was removed by 
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continuous distillation at constant volume with continuous 
addition of nitromethane until thin-layer chromatography 
showed complete transesterification of Compound 6. Mercury 
(II) bromide (500 mg) was added, and solvent was distilled 
off at constant volume with continuous addition of 
nitromethane until thin-layer chromatography showed the 
formation of a new product. The mixture was purified by 
chromatography and treated further as described under 
method A above. 

2,3, 4-tri-O-benzyl-l-O- (2 , 5-di-O-benzyl-beta-D- 
ribof uranosy 1 ) -5-0-monomethoxy tr ityl-D-r ibitol 3 -H- 
phosphonate (Compound 8) 

* 

Compound 7 (4.9 g) was taken up in dry pyridine, 
and concentrated to dryness, then taken up in pyridine (20 
ml) and added to a solution of phosphonic acid (4.1 g) in 
pyridine (20ml ) . 5 , 5-dimethyl-2-oxo-2-chloro-l , 3 , 2- 
dioxaphosphorinane (5.0 g) was added. When thin-layer 
chromatography showed complete conversion, 1 M aqueous 
triethylammonium bicarbonate (5 ml) was added, and the 
mixture was partitioned between dichloromethane (200 ml) 
and 0.5 M acpieous triethylammonium bicarbonate (130 ml). 
The organic layer was concentrated, and the residue was 
purified by chromatography on a short column of silica gel 
using a stepwise gradient of methanol in dichloromethane 
(0-20%, containing 1% pyridine) as eluant. The yield of 
amorphous Compound 8 was 80-90%. 

2 , 2-Diethoxyethyl 2 , 5-di-O-benzyl-beta-D-ribof uranoside 
(Compound 9, p=l, R^^ethyl) 
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A mixture of Compound 6 (2.0 g) and trimethylsilyl 
chloride (15 ml) was kept at room temperature for 20 min., 
then concentrated, and co-concentrated with dry 
dichloromethane. The residue was mixed with glycolaldehyde 
diethylacetal (1.0 g) , powdered 4 A molecular sieves (3.0 
g) , and dry dichloromethane (15 ml) and was stirred at room 
temperature overnight, then filtered and concentrated. The 
residue was taken up in 0,0411 methanolic sodium methoxide 
(25 ml) • After 1 hr. at room temperature, the mixture was 
neutralized by addition of C02(s) then concentrated and co- 
concentrated once with N,N-dimethylformamide. The residue 
was dissolved in N,N-dimethylformamide (20 ml) and stirred 
at room temperature while powdered sodium hydroxide (3.0 g) 
was added, followed by benzyl chloride (3.0 ml). When TLC 
indicated complete conversion, methanol (2 ml) was added, 
and after 15 min. the mixture was partitioned between water 
and toluene, the organic layer was washed with water and 
concentrated. The residue was purified by chromatography 
on a short column of silica gel using. toluene-ethyl acetate 
(8:2) as eluant. The appropriate fractions were collected 
and concentrated, then taken up in 30:12:4 ethanol-toluene- 
water (50 ml) , and the solution was refluxed in the pres- 
ence of tris(triphenylphosphine)rhodium( I) chloride (100 mg) 
until thin-layer chromatography showed complete conversion. 
The mixture was then diluted with dichloromethane, washed 
with saturated aqueous potassium chloride, and 
concentrated. The residue was dissolved in 10:1 acetone- 
water (20 ml), and mercuric oxide (2.0 g) followed by 
mercuric chloride (2.0 g) was added. After stirring at 
room temperature for 30 min., the solids were removed by 
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filtration, and the filtrate was partitioned between 
diethyl ether and water, washed with aqueous potassium 
iodide, dried, and concentrated. Purification on a short 
silica gel column, using toluene-ethyl acetate (8:2) as 
eluant, gave syrupy Compound 9. The yield was 60-65%. 

2 - [ 2- (benzyloxycarbonylamido) ethoxy ] ethyl 2 , 5-di-O-benzyl- 
beta-D-ribofuranoside (Compound 11, p = 1, = NHCOOBn) 

A mixture of Compound 6 (2.0 g) and trimethylsilyl 
chloride (15 ml) was kept at room temperature for 20 min., 
then concentrated, and co-concentrated with dry 
dichloromethane. The residue was mixed with 2-[2- 
(benzyloxycarbonylamido) ethoxy ]ethanol (1.5 g) , powdered 4 
A molecular sieves (3.0 g) , and dry dichloromethane (15 ml) 
and was stirred at room temperature overnight, then 
filtered and concentrated. The residue was taken up in 
0.04M methanolic sodium methoxide (25 ml). After 1 hr. at 
room temperature, the mixture was neutralized by addition 
of C02(s), then concentrated and co-concentrated once with 
N,N-dimethylformamide. .The residue was dissolved in N,N- 
dimethylformamide <20 ml) and stirred at room temperature 
while freshly prepared silver oxide (3.0 g) was added, fol- 
lowed by benzyl bromide (3.0 ml). When thin layer 
chromatography indicated complete conversion, the mixture 
was filtered. The filtrate was partitioned between water 
and toluene, the organic layer was washed with water and 
aqueous sodium thiosulfate, and concentrated. The residue 
was purified by chromatography on a short column of silica 
gel using toluene-ethyl acetate (8:2) as eluant. The ap- 
propriate fractions were collected and concentrated, then 
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treated with selenium dioxide (570 mg) and acetic acid 
(0.4xal) in dioxane (14 ml) at reflux for 40 min. The 
mixture was then filtered through Celite, The yield of 
syrupy Compound 11 after chromatographic purification was 
50%. 

2- ( 2-Azidoethoxy ) ethyl 2 , S-di-O-benzyl-beta-D- 
ribofuranoside (Compound 11, p = 1, = N3) 

A mixture of Compound 6 (2.0 g) and trimethylsilyl 
chloride (15 ml) was kept at room temperature for 20 min. , 
then concentrated, and co-concentrated with dry 
dichloromethane. The residue was mixed with 2-(2- 
azidoethoxy)ethanol (2.0 g) , powdered 4 A molecular sieves 
(3.0 g) , and dry dichloromethane (15 ml) and was stirred at 
room temperature overnight, then filtered and concentrated. 
The residue was taken up in 0.04H methanolic sodium 
methoxide (25 ml) • After 1 hr. at room temperature, the 
mixture was neutralized by addition of C02(s), then 
concentrated and co-concentrated once. with N,N- 
dimethylfoirmamide. The residue was dissolved in N,N- 
dimethylformamide (20 ml) and stirred at room temperature 
while powdered sodium hydroxide (3.0 g) was added, followed 
by benzyl chloride (3.0 ml). When thin layer 
chromatography indicated complete conversion, methanol (2 
ml) was added, and after 15 min. the mixture was 
partitioned between water and toluene, the organic layer 
was washed with water and concentrated. The residue was 
purified by chromatography on a short colximn of silica gel 
using toluene-ethyl acetate (8:2) as eluant. The appropri- 
ate fractions were collected and concentrated, then treated 
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with, acetic acid (0.4inl), dioxane (14ial) and selenium 
dioxide (0.57g) at reflux for 40 min. The mixture was 
filtered and concentrated. The yield of syrupy Compound 11 
after chromatograhic purification was 50%. 

2,2-Diethoxyethyl 2 , 5-di-O-benzyl-beta-D-ribof uranoside 3- 
H-phosphonate (Compound 10, p = 1, R^^ethyl) 

Compound 9 was treated with phosphonic acid and 
condensing reagent essentially as described for the 
preparation of compound 8 to give amorphous Compound 10 
(67%). 

2- [ 2- (benzyloxycarbonylamido) ethoxy] ethyl 2 , 5-di-O-benzyl- 
beta-D-ribofuranoside 3-H-phosphonate (Compotand 12, p = 1, 
r4 b NHCOOBn) 

Compound 11 was treated with phosphonic acid and 
condensing reagent essentially as described for the 
preparation of Compound 8 to give amorphous Compound 12 

(75%). 

2- ( 2-Azidoethoxy ) ethyl 2 , 5-di-O-benzyl-beta-D- 
ribofuranoside 3-H-phosphonate (Compound 12, p = 1, = 

N3) 

Compound 11 was treated with phosphonic acid and 
condensing reagent essentially as described for the 
preparation of Compound 8 to give amorphous Compound 12 

(70%) . 
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Solid phase synthesis; chain initiation 

1. Preparation of the 3 -succinate of Compound 7 

To a solution. of Compound 7 (4 mmol) in dry 
pyridine (25 ml) containing 4-dimethylaminopyridine (1 
mmol) was added succinic anhydride (10 mmol) • After stir- 
ring overnight water (0.5ml) was added. After 3 hrs. the 
mixture was partitioned between 1:1 toluene-ethyl acetate 
and aqueous phosphate buffer (pH 6.5). The organic lager 
was washed with buffer, and concentrated. The obtained 3- 
succinate of 7 was dried in vacuum over phosphorous 
pentoxide • 

2. Coupling of the 3-succinate to the solid phase 

The succinate obtained above (10 equivalents over 
the resin amino group content) was dissolved in 
dichloromethane (5 ml/g) and mixed with a solution of 
dicyclohexylcarbodiimide (5 equivalents over the resin 
amino group content) in a small volume of dichloromethane. 
The mixture was stirred for 15 min. at room temperature, 
then concentrated. The residue was dissolved in N,N- 
dimethyl formamide (5 ml/g) and the solution was filtered, 
then added to Herri field- type aminomethyl resin (pre-washed 
with N,N-dimethyl formamide) • After 6 h, the resin was 
washed with N,N-dimethyl formamide, then with pyridine. The 
resin was treated with 9:1 pyridine-acetic anhydride for 2 
hr. , washed with pyridine, then washed with 
dichloromethane. The degree of functionalization was 
determined by treating a dried and weighed amount of resin 
with 0.5% trif luoroacetic acid in 1, 2-dichloroethane, and 
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estimating the trityl cation content in the supernatant by 
spectrophotometry (495 nm) . A typical value was 0.5 mmol/ 

Solid Phase synthesis: chain elongation cvcle 

The solid-phase synthetic operations were carried 
out in a semi-automated apparatus, consisting of a reaction 
vessel with a glass filter bottom, agitation device (small 
scale batches were agitated by pressing dry nitrogen 
through the bottom filter) , liquid outlet (bottom) , and 
liquid inlet (top) . Liquid was removed from the vessel 
through the bottom filter by suction, and added at the top 
by pressing with nitrogen from other vessels through teflon 

tubing . 

1. Trityl deprotection 

The resin was treated with a 0.5% solution of 
trifluoroacetic acid in dichloromethane until no more 
trityl cation was released (as determined 
spectrophotometrically) , then the resin was washed with 
dichloromethane, followed by 4:1 dichloromethane-pyridine. 

2 . Coupling 

Pivaloyl chloride (4 equivalents over the resin 
hydroxy 1 groups) in dichloromethane (2ml/mmol. chloride) 
was added to a solution of compound 8 (4 equivalents) in 
4:1 dichloromethane-pyridine (8ml/mmol. chloride). After 2 
min. , the mixture was added to the resin. Agitation was 
continued for 10 min, then the resin was washed with. 
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successively, pyridine and 4:1 dichloromethane pyridine and 
dichloromethane. The yield in each coupling step was 97%- 
99%, as determined spectrophotometrically by the amount of 
the released trityl cation in the deprotection step. 

Chain Termination 

Detritylated resin was treated as under (2) but 
with compound 9 or 11 instead of 8. 

Oxidation 

The resin was treated with a freshly prepared 1% 
solution of iodine in 98% aqueous pyridine for 30 min. , 
then washed with, successively, pyridine and 
dichloromethane . 

Removal from resin 

The resin was treated with sodium methoxide 1:1 
dioxane-methanol (0.05M) for 16 hours at room temperature, 
acetic acid was added, and the mixture was then filtered 
and the filtrate was concentrated. The residue, according 
to NMR analysis, contained compound 13 (if 10 was used for 
chain termination) or 15 (if 12 was used for chain 

m 

termination), together with impurities. 

Deprotection 

1, Conversion of Compound 13 to Compound 14 

The material that was removed from the resin as 
described above was dissolved in 1:2:2 ethylacctate- 
ethanol -water (0.1 ml/mg material) containing acetic acid 
(0.3%), and 10% Pd/C (0.5-2 mg/mg material) was added. The 
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mixture was hydrogenated at 60 'C and atmospheric pressure 
overnight, then filtered, adjusted to pH 7, and 
concentrated. The residue was partitioned between diethyl 
ether and water. The aqueous layer was separated and 
concentrated. The residue was taken up in 50% aqueous 
trifluoroacetic acid at 0*C. After 4 h, the mixture was 
neutralized at O'C with ammonia to pH 7, then the mixture 
was concentrated to a volume of approximately 10 mg/ml, and 
applied to a column of Fractogel TSK HW-50, packed and 
eluted with lOmM ammonium bicarbonate buffer, pH6.2. The 
appropriate fractions were collected, concentrated, and 
redissolved in water (0.1 ml/mg material). This solution 
was slowly passed through a column of Dowex-50 x 8 (Na 
form, packed and eluted with water) . The appropriate 
fractions were collected and lyophilized. NMR spectroscopy 
in D2O solution showed, inter alia , signals from the 
anomeric protons in the region 4.9-5.1 ppm and signals from 
the spacer unit (aldehyde proton, dihydrate form) at 5.1- 
5.2 ppm. The amount of successful coupling cycles (that 
is, the value of n in formula for Compound 14) was verified 
by integration over the anomeric signals and the spacer 
signals, respectively. 

2. Conversion of Compound 15 to Compound 16 

The material that was removed from the resin was 
treated essentially as described above for conversion of 
Compound 13 to 14, except that the trifluoroacetic acid 
treatment was omitted. NMR spectroscopy in D2O solution of 
the lyophilized product showed, inter alia* signals from 
the anomeric protons in the region 4.9-5.1 ppm and signals 
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from the spacer unit (CH2N triplet) at 3.2 ppm. The amount 
of successful coupling cycles (that is, the value of n in 
the formula for Compound 16) was verified by integration 
over the anomeric signals and the spacer signals, 
respectively. The purification of 14 and 16 could also be 
effected by preparative HPLC on Nucleosil C-18, using 0.1 M 
aqueous triethylammonium acetate (pH5.3) with 2.5% 
acetonitrite as eluant. 



EXAMPLE 2 

Purification of an Hib Adhesin 

Bacteria were grown 24 h in defined media and 
labeled metabolically with ^^s-niethionine. Cells were 
harvested and washed by centrifugation three times in 
saline and suspended in approximately 20 ml of 10 mM Hepes 
buffer, pH 7.4, and chilled on ice. The bacterial suspen- 
sion was then sonicated on ice 6 times for 30 seconds each 
at a setting of 4 on a Bronson Sonicator. The sonic 
extract was centrifuged at 10,000 x g for 10 min. at 4** C, 
and the resulting outer membrane protein (OMP) pellet was 
stored until use in Hepes buffer containing protease 
inhibitors (PIC I & PIC II). 

OMPs were next centrifuged at 100,000 x g for 30 
min. at 4"" C and the resulting pellet was suspended in 4 ml 
of 10 mM Hepes, pH 8.0, containing 1.3% octyl- 
• glucopyranoside (Sigma), sonicated 5 min., and incubated at 
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room temperature for 30 min. The resulting solubilized 
OMPs were centrifuged again at 100,000 x g for 30 min. at 
4' c, and the supernatant containing partially purified 
adhesin was decanted and saved. 

The adhesin was purified by a receptor-affinity 
solid phase procedure as follows. The supernatant was 
diluted 1/10 in 50 mM Tris-HCl, pH 7.8, containing 150 mM 
NaCL and 1% bovine serum albumin (BSA) and incubated in 
receptor-coated microtiter wells (0.8 micrograms of 
gangliotetraosylceramide/well) which had been previously 
blocked with BSA. control wells lacking receptor were also 
used. After a 2 h incubation at room temperature, wells 
were washed 4 times with cold saline. The receptor-bound 
adhesin was eluted by incubating the wells for 30 min. at 
37' C with 0.05 ml of 10 mM Tris-HCl, pH 7.8, containing 
0.1% SDS which had been previously heated to 60' C. The 
SDS elution buffer was removed from the wells and analyzed 
for protein by SDS-PAGE and autoradiography. 

« 

Alternatively, the adhesin can be purified by using 
an affinity chromatography column where the lipid receptor 
is immobilized onto an appropriate gel solid support. The 
sonic extract is loaded on the top of the gel and the 
column is washed to remove unbound material. The adhesin 
is then eluted with SDS elution buffer or a chaotropic 
agent, such as NaCl or KSCN, and dialyzed and analyzed by 
SDS-PAGE and autoradiography. 

The molecular weight of the purified adhesin 
protein was determined by SDS-polyacrylamide gel 
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electrophoresis. Figure 1 shows the sample analysis in the 
following lanes: 1, total outer neiabrane protein 
preparation from Haemophilus influenzae type b stained with 
Coomassie blue; 2, autoradiography of ^Sg-iabeled total 
outer membrane proteins; 3, autoradiography of ^^g-iabeled 
adhesin protein eluted from immobilized receptor asialo-- 
GMi; 4, autoradiography of material eluted from immobilized 
globoside, a nonsense glycolipid. Arrow indicates the 
adhesin migrating between PI and P2 with a molecular weight 
of about 41 kD. 

EXAMPLE 3 

Neutralization of Adhesin Binding to Receptor 

BALB C mice were injected IP with 10 micrograms of 
partially purified adhesin protein (Hib OMPs) in complete 
Freunds adjuvant (1:1). After one month, the mice were 
boosted with a second IP injection (10 micrograms of 
protein) using incomplete Freunds adjuvant followed by a 
third injection 10 days later. 

Antiservun was then tested for neutralizing activity 
against ^^S-labeled Hib adhesin in a receptor binding 
assay. In this case, antiserum and noirmal mouse serum at 
various dilutions were incubated with ^Sg-iabeled Hib 
adhesin protein for one hour at room temperature and then 
added to microtiter wells coated with asialo^GMl or 
globoside as a negative control. After incubation of the 
microtiter plates for 2 hours at room temperature, the 
microtiter wells were washed, cut from the plates and 
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radioactivity was quantified using a Beta-scintillation 
counter. The results are shown in Figure 2. The results 
show that the adhesin is immunogenic and that antibodies to 
the adhesin effectively neutralize the adhesin 's receptor 
binding activity. 

EXAMPLE 4 

Identification and Cloning of 
an Haemophilus Inf luenza Adhesin 

1. Membrane proteins binding to receptor. 
Membrane proteins were prepared as follows. Haemophilus 

« 

influenzae type b (ATCC 9795) were grown to stationary 
phase, pelleted, resuspended in saline buffer, and 
sonically disrupted. This material was then centrifuged at 
12,000 X g for 15 min, and the supernatant was centrifuged 
at 100,000 X g for 1 h. The resultant pellet contained 
Haemophilus membranes, which were resuspended in saline and 
tested for adhesin activity as described in Krivan, et al. 
Proe. NatJ. Acad. Sci. USA . 85:6157-6161 (1988), 
incorporated herein by reference. Briefly, membranes were 
prepared from [^^S] methionine metabolically-labeled cells 
(1 micro-Ci/ml of media). Glycolipids were resuspended in 
chloroform: methanol (1:1, vol:vol) and serially diluted 
into 96-well microtiter plates. These plates were allowed 
to dry, washed 5 times with Tris/BSA (25 mMTris, pH7.5, 1% 
bovine serum albumin) , then 2 X 10^ CPM of labeled 
membranes were added to each well and incubated at room 
temperature for 2 h. The plates were then washed with 
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Tris/BSA 5 times, and the individual wells cut out and 
counted on a scintillation counter to determine the amount 
of CPM bound to each well. This shoved that Hi membranes 
bound similar to Hi whole cells. 

2. Production of monoclonal antibodies that 
inhibit adhesion of Haemophilus* Balb/c mice were 
immunized with membranes from Haemophilus influenzae type b 
(ATCC 9795} , and their sera was tested for the development 
of antibody that inhibited meiabranes from binding to 
receptor (Figure 2). Spleens from these mice were used to 
isolate splenocytes for fusion with SP2/0-AG14 (ATCC CRL 
8287} mouse myeloma cells according to Harlow, et al., 
Antibodies; A Laboratory Manual (Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY) (1988} , incorporated 
herein by reference* Seven hundred and fifty positive 
fusion hybridoma cultures from four separate fusions were 
screened for the production of antibody that reacted on 
ELISA with membranes. The ELISA was performed as follows. 
Membranes containing 1 microgram of protein were used to 
coat 96-well microtiter plates. The coated wells were 
washed with PBS (phosphate buffered saline, 10 mM sodium 
phosphate, pH 7.5, 167 mM sodivim chloride), then inciibated 
with 100 microliters of hybridoma culture supernatant. The 
wells were washed, incubated with 100 microliters of 
secondary goat anti-mouse antibody conjugated with 
horseradish peroxidase for 1 h, then bound antibody was 
detected color imetrically (Biorad) • Seventy-five membrane- 
reactive hybridoma cultures were then tested for the 
ability to inhibit membrane binding (Figure 3) . Hybridoma 
culture supernatants were incubated with 4 x 10^ CPM of 
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[35s] methionine labeled membranes for 1 h at room 
temperature. This mixture was then added to serial 
dilutions of receptor bound passively to 96-well microtiter 
plates and assayed for binding. Two classes of inhibiting 
antibodies were identified. One class, such as the 
antibodies designated HiblO, completely inhibited binding 
and were subsequently shown to react with the 
lipooligosaccharide component of these membranes. The 
second class of antibodies, such as those designated Hib30 
and Hib43, partially inhibited binding, 

3. Identification of the putative adhesin. The 
hybridoma cultures which produced antibodies that partially 
inhibited binding were cloned by limiting dilution to 
obtain stable cell lines according to Harlow, E. and R. 
Lane (1988) "Antibodies: A Laboratory Manual," pp.. 139- 
244, Cold Spring Harbor, NY, incorporated herein by 
reference. Large amounts of antibody were produced in the 
ascitis fluid of Balb/c mice, and the class of each 
antibody was determined according to Harlow et al. The 
antibodies were then used on Western blot of Haemophilus 
membranes and whole cells to identify a potential protein 
adhesin according to Harlow et al. All of these antibodies 
recognized an approximate 47 kDa protein, Hin47, by this 
technique (Figure 4) . Western blot analysis with these 
antibodies according to Harlow et al. allowed further 
characterization of this protein. Several lines of 
evidence suggested that this protein is located on the 
surface of Haemophilus , as would be expected for a 
functional adhesin. First, the ability of whole cells to 
bind the receptor was inhibited by these antibodies in an 
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assay as described above for membrane binding inhibition 
but using radiolabeled whole cells (4 X 10^ CPM/well) . 
Second, the Hin47, a immunoreactive protein, was degraded 
when whole cells were. treated with proteinase K (Figure 4). 
Briefly, whole cells were grown to stationary phase, 
pelleted by centrifugation (12,000 x g) , and resuspended in 
PBS. Serial dilutions of proteinase K were added to the 
cells and incubated for 1 h. Cells were then mixed with 
SDS-PAGE sample buffer according to Laemmll, Nature 
r London^ , 227:680-685 (1970) (incorporated herein by 
reference), boiled, and separated on SDS-PAGE. This gel 
was then Western blotted to detect the presence of an 
immunoreactive Hin47 protein, ^hird, iodinated whole cells 

* 

contained a radiolabeled Hin47 protein that could be 
immunoprecipitated from solubilized proteins by the anti- 
adhesin antibodies. Briefly, whole Haemophilus were grown 
to stationary phase and pelleted by centrifugation. Cells 
were resuspended in PBS and iodinated with lodogen (Pierce) 
according to the manufacturer's recommendation. Cells were 
then solubilized in radioimmune precipitation buffer (RIPA 
buffer, 20 mM Tris, pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% 
Nonidet P-40, 1% deoxcholate, 0.1% SDS, ImM EMSF) , and then 
incvibated with Gammabind beads (Pharmacia) overnight at 
4'C. The beads were then pelleted by centrifugation (2000 
X g, 5 min) , washed 5 times with PBS containing 0.05% 
Tween-20, and resuspended in SDS-PAGE sample buffer. This 
sample was then separated by SDS-PAGE, and the gel was 
dried and autoradiographed . This showed the Hin47 protein 
was accessible to iodination. Fourth, whole cells and 
membranes that were extracted repeatedly with 1% Triton X- 
100 lost this Hin47 immunoreactive protein. This was 
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performed by taking whole cells or membranes and mixing 
them with the detergent, pelleting the material by 
centrifugation (12,000 x g for membranes and 2000 x g for 
whole cells) , and taking the supernatant. This material 
(pellet and supernatant) was separated by SDS-PAGE gel. 
Western blotted, and the presence of Hin47 protein detected 
with Hib 43 antibody in the soluble fraction (supemant) . 

4. Cloning and sequencing of the gene that encodes 
the 47 kDa adhesin. Cloning methods were performed by 
standard procedures as described by Maniatis et al., 
Molecular Cloning : A T.^VinTaliQrv Manual (Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY) (1982), incorporated 
herein by reference. Total DNA from Haemophilus infj-uepza 
type b strain ATCC 9795 was isolated and partially digested 
with the restriction enzymes Eco Rl according to the 
manufacturer's recommendations (Boerhinger-Manheim) . DNA 
fragments 4-15 kbp in length were isolated on a sucrose 
gradient and ligated to Eco Rl-digested Lambda ZAPII arms 
as supplied by Stratagene, Inc. This . ligation was then 
packaged into phage particles and used to tranfect the 
F.seherichia coli host strain, XL-1 (according to statagene 
protocol) to obtain phage plaques which express Haemophilus 
proteins. These plaques were used in an immunoblot screen 
with Hib 43 using a Stratagene Picoblue detection kit. 
Positive reacting plagues were purified and used to induce 
the production of a plasmid through the use of the helper 
phage R408 (according to Stratagene protocol) . These 
plasmids carried the Haemophilus insert DNA which encoded 
the Hin47 immunoreactive protein. The restriction map for 
one of these plasmids, designated pMClOl, is shown in 
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Figure 5. All plasmids which expressed the Hin47 protein 
contained the 10.5 kbp DNA from Hi. The location of the 
gene encoding this protein was determined by deletion 
analysis of pMClOl. Deletion analysis was performed by 
generation of subclones of pMClOl containing various 
restriction fragments in the vector pSK(*) (Stratagene) • 
These subclones are represented on Figure 5 with an 
indication of whether each expresses a Hib 43 
immunoreactive protein. The deletion analysis suggested 
that the Hin47 was encoded by a gene which was bounded by 
an approximate 2.4 kbase Pst 1 to BamHl fragment. 
Therefore, sequence analysis of this entire region was 
performed using the dideoxy double stranded sequencing 
methods of Sanger et al., "Determination of Nucleotide 
Sequences in DNA," Science , 214:1205-1210 (1981), with 
Sequenase® brand of DNA polymerase, (US Biochemicals) , 
The results of this analysis are represented in Figures 7A 
and 7B. An open reading frame (ORF) was identified which 
would encode an approximate 49 kDa protein, comprising 463 
amino acids, located between nucleotide 115 and 1503. 
Analysis of the amino acid sequence predicted by this ORF 
indicated that this protein contains a putative signal 
sequence of approximately 2.5 kDa and 25 amino acids. This 
could result in a mature protein of approximately 47 kDa 
and 438 amino acids as indicated by prior Western blot 
analysis. This ORF was designated hin47 . The expression 
of the Hin47 protein was similar irrespective of the 
orientation of the gene with respect to the beta- 
galactosidase promoter contained in pSK(-) , indicating this 
protein is expressed in coli under its own promoter. 
Membranes of coli clones that expressed this protein 
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were compared with the membranes of fisli that did not 
express this protein (Figure 6) . The binding curves for 
both membranes preparations demonstrate that this protein 
confers upon 1^ fioli the ability to bind to the receptor 
with high affinity, like H?»^ffl<?Phil\tg' 

5. The Hin47 adhesin is a novel protein. A series 
of major integral membrane proteins has been characterized 
by several investigators (Gonzales et al., Int^Qt, imm* , 
55:2993-3000 (1987), incorporated herein by reference). 
These include PI, which is approximately 43 kDa, and P6, 
which is approximately 18 kDa. The Hin47 adhesin was 
analyzed to insure that it was not any of these previously 
characterized proteins. Using an g. coli clone that 
expressed PI or P6, neither clone reacted with Hib 43, 
demonstrating that this antibody does not recognize either 
of these proteins. Additionally, since the PI protein is 
similar in size to the Hin47 adhesin, we demonstrated by 
heat modification that the Hin47 adhesin was not PI. The 
E. coli which expressed PI was separated by SDS-PAGE after 
treatment at room temperature or lOO'C. Pi has previously 
been shown to be heat modifiable (Gonzales et al . ) . After 
treatment at 100 'C, the protein migrates at about 43 kDa, 
while after treatment at room temperature, PI migrates at 
about 32 kOa. The Hin47 protein was shown not to be heat 
modifiable. A comparison of the sequence of the 2.4 kbase 
Pst 1 to BamHl fragment of pMC102 confirmed that hin47 has 
no homology with the gene that encodes PI. 

6. Purification of the Hin47 adhesin. The Hin47 
protein was purified to homogeneity using the monoclonal 
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antibody Hib 43 as an immunoabsorbent according to Krivan 
etal., Inf. and Immun, , 55:1873-1877 (1987)* Briefly, 
antibody was coupled to cyanogen activated sepharose 4CL 
beads (Pharmacia) according to the manufacturer's 
recommendation. A 4 ml colimn containing about 8 mg of 
coupled antibody was used. The Hin47 protein was produced 
by XL-l/pMClOl grown to stationary phase in a 4 L culture 
in Luria Broth. The cells were pelleted by centrifugation 
(12,000 X g, 15 min) , resuspended in PBS, and sonicated. 
The sonicate was pelleted by centrifugation (12,000 x g. 15 
min) and the supernatant pelleted by centrifugation 
(1000,000 X g, 1 h) . The resultant membrane pellet was 
resuspended in 0.5% octylglucopyranoside (Sigma Chemical) 
and pelleted by centrifugation (100,000 x g, 1 h) . The 
supernatant was exhaustively dialyzed against 50 mM Tris, 
pH 8.5 and applied to a DEAE-sepharose column (Sigma 
Chemical) • A fraction containing Hin47 was eluted from 
the column using 125 mH NaCl, 50 mM Tris, pH 8.5. This 
fraction was dialyzed against PBS, then applied to the 
antibody column. The column was then washed with PBS, and 
bound protein was eluted with 100 mM glycine, pH 2.8 and 
immediately neutralized. This material was dialyzed 
against PBS and analyzed by separation on SDS-PAGE. The 
gel was stained by silver (Biorad) . The Hin47 protein 
appeared as a single species, indicating purification to 
homogeneity. 

?• Conservation of the Hin47 adhesin with the 
Haemophilus influenza serotype. The conservation within 
the Haemophilus influenza species and genus was analyzed 
using Western blotting of whole cells and Southern blotting 
using DNA isolated from whole cells. Table 5 contains the 
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results obtained from this study. Seven non typable iL. 
influenza strains, three serotype b strains and three 
clinical h. influenza strains that have not been typed all 
reacted with a monoclonal antibody (Hib 43) specific for 
that 47 IcDa Hin47. The DNA from all these strains also 
hybridized with a DNA probe of the entire hin47 gene. This 
hybridization was fo\md at high stingency levels (less than 
5% mismatch) which confirmed that strong conservation of 
this gene within the h. influenza genus. A second measure 
of the close relationship between these sequences was 
demonstrated by PGR analysis. Primers that hybrized with 
the immediate 5' and 3' regions were able to amplify a DNA 
fragment from each strain that was identical in size to the 
hin47 gene from strain ATCC 9795, the strain that was used 
to originally clone hin47 . The PCR analysis was performed 
using GeneAmp-PCR kit with AmpliTaq® brand Taq-polymerase 
(Perkin-Elmer Cetus) . 

EXAMPLE S 

« 

Coupling synthetic PRP to Protein 
tislna the Oligomers of C ompound 14 

A solution of human serum albumin (41 mg, 1.0 
micro-mol) in phosphate buffer (0.1 M, pH 8.0, 1.5 ml) was 
mixed with a solution of Compound 14 (40 micro-mol) , then, 
after 1 hr., sodium cyanoborohydride (26 mg, 410 micro-mol) 
was added. The mixture was gently stirred at 37 'C for 4 
days, then ultraf iltrated, diluted with water, and 
ultrafiltrated again. The retained material was 
lyophilized and purified by gel filtration on Bio-Gel P4 . 
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The appropriate fractions were collected and lyophilized. 
The degree of functional ization (as haptens/protein 
molecule) was estimated by a combination of Lowry protein 
determination and orcinol ribose determination. Generally, 
a value of 5-10 haptens/protein molecule was obtained. 

Using Oligomers of Compound 16 

A solution of Compound 16 (100 micro-mol) in a 
mixture of aqueous sodium hydroxide (0.5 M, 6.0 ml), 
ethanol (4.0 ml), and acetic acid (180 microliters) was 
stirred while thiophosgene (30 microliters) was added. 
After 10 min., the mixture was partitioned between ethyl 
acetate and water, the aqueous phase was concentrated to 
half the volume and added to a solution of human serum 
albximin (164 mg, 4.0 micro-mol) in borate buffer (O.IM, pH 
9.3, 6 ml) . The pH was adjusted to 9.5 and the mixture was 
gently stirred overnight at room temperature, then 
ultrafiltrated, diluted with water, and ultraf iltrated 
again. The retained material was lyophilized and purified 
by gel filtration on Bio-Gel P4. The appropriate fractions 
were collected and lyophilized. The degree of 
functionalization (as haptens/protein molecule) was 
estimated by a combination of Lowry protein determination 
and orcinol ribose determination. Generally, a value of 
10-20 haptens/protein molecule was obtained. 

EXAMPLE 6 

Comparison of the deduced amino acid seauence of Hin47 from 
H> influenzae type b strain 9795 and five phvlogenetically 
diverse non-tvpable strains 
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A candidate siibunit vaccine for otitis media must 
be highly conserved between the commonly isolated strains 
of non-typable iL. influenzae . To assess the conservation 
of Hin47 in non-typable IL. influenzae at the amino acid 
level, the hin47 genes from five phylogenetically diverse 
strains (Musser et al,, Infection and Immunity ^ 52:183-191 
(1986), incorporated herein by reference) were cloned by 
polymerase chain reaction (PGR) methods. DNA from each 
strain was used for amplification with a primer 5' and a 
primer 3' to the structural hin47 gene. See Hinf3 and 
Hinf4 on Figures 7 A and 7B. The amplification was 
performed using an Amplitag DNA amplification kit (Perkin 
Elmer Cetus, Norwalk, Conn.) by the methods provided by the 
manufacturer. Each amplified gene was cloned into the PGR 
cloning vector PGR II (Invitrogen, San Diego, GA) according 
to the manufacturer's methods and subsequently subjected to 
DNA sequence analysis. The sequence analysis was performed 
using the dideoxy double stranded sequencing method of 
Sanger et al.. Science . 214:1205-1210.(1981), incorporated 
herein by reference, with the Sequenase ® brand of DNA 
polymerase (U.S. Biochemicals) • The deduced Hin47 amino 
acid sequences obtained from each hin47 gene are compared 
in Figure 8. Table 6 summarizes the results from this 
comparison. All non-typable hin47 genes were extremely 
highly conserved. These results strongly suggest that 
immunity against Hin47 expressed by the gene from one 
strain would protect against challenge from all H. 
influenzae strains. 
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EXAMPLE 7 

Animal studies to evaluate Hin47 as a subunit vaccine 

A candidate svibunlt vaccine must be strongly Im-* 
munogenlc and have the ability to generate a protective 
Immune response. Several animal experiments were performed 
to assess these properties for Hin47. 

Immunogenic Ity studies were performed in Balb/c 
mice to assess the IgG response to various doses of 
purified Hln47 protein. Animals received three Injections 
of antigen in the presence of aluminum phosphate as an 
adjuvant. Antl-Hln 47 IgG titers were determined by an 
enzyme immunoassay using purified Hin47 as the detecting 
antigen. These results are summarized in Table 7. The 
minimum challenge dose of 1 ug per injection of protein 
elicited a strong IgG response in mice. These data 
demonstrate the highly immunogenic nature of Hin47. 

The protective activity of antl-Hln47 antibodies in 
an infant rat model of Hs. influenza -mediated bacteremia was 
used as one measure of the ability of Hin47 to act as a 
protective antigen. The methodology was that Hoxon et al., 
J. Infectious Diseases, 129:154-162 (1974) and Loeb, 
Infection and Immunity , 55:2612-2618 (1987), both of which 
are Incorporated by reference. Rabbit antl-Hin47 antiseriim 
was generated by immunizing a rabbit with 3 doses of 100 ug 
of purified Hln47 in the presence of complete Freund's 
adjuvant on day 1 and in the presence of Incomplete 
Freund's adjuvant on day 28 and 42. The resultant 
antisera was shown not to possess significant antibody 
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against the previously demonstrated protective epitopes 
expressed by influenzae (PI, P2, and P6 proteins and 
polyribitol phosphate) . Groups of five 5-day old infant 
rats were injected subcutaneously with either rabbit anti- 
Hin47 antibody, prebleed serum, or saline* After 24 hours, 
the infant rats were challenged with 200 colony forming 
units (CFU) of the virulent IL. influenzae Minn A strain 
(Nunson and Grass, infection and Immunity , 56:2235-2242 
(1988) , incorporated herein by reference) by 
intraperitoneal injection* The results from these 
experiments are summarized in Table 8. The results are 
expressed as the average CFU/ 0.1 ml of blood for each 
group of animals, the number of animals with bacteremia in 
each group, and the percentage of bacteremia compared to 
the saline control. Animals receiving Hin47-specif ic 
antibodies were significantly reduced in bacteremia, and 3 
of 5 animals had no detectable organisms in their blood. 

The second animal disease model used to assess the 
efficacy of Hin47 as a vaccine candidate was the chincilla 
otitus media model. The methodology was that Bakaletz et 

al., Infection and .Immunitv , 57:3226-3229 (1989), 
incorporated herein by reference. Chincilla were immunized 
with three doses (50 ug per dose) of Hin47 protein in the 
presence of complete Freund's adjuvant on day 1, and in the 
presence of incomplete Freund's adjunvant on day 28 and 42.. 
Two control animals were injected with saline. On day 47, 
the chincillas were challenged with 2,000 CFU of a non- 
typable H, influenzae strain designated strain 12. Ear 
infection was monitored by otoscopic examination and 
tympanometry on day 1, 2, and 6 post-infection. Fluid was 
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collected through epitympanic bulla by injecting 0.2 ml of 
saline into the middle ear cavity and then aspirating the 
fluid. The fluid was plated on chocolate agar plates and 
incubated at 37 'C overnight. Positive control protection 
animals were either an animal that had recovered from an 
ear infection or animals that were immunized with heat 
killed strain 12 whole cells. The results are summarized 
in Table 9. Two of four Hin4 7 -immunized animals were 
negative by typanogram analysis and had significantly 
reduced bacteremia at day 2. These data suggest that Hin47 
has protective value in the active protection chincilla 
model for human otitus media. 
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TABLE 1: PREPARATION OF MONOMERS FOR SOLID PHASE SYNTHESIS 

OF PRP FRAGMENTS 
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in solid phase synthesis 
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in solid phase synthesis 



wo 94/00149 



PCr/US93/06016 



TABLE 2; PREPARATION OF SPACER-CO^^•AINING MONOMERS FOR 
CHAIN TERMINATION IN THE SOLID PHASE SYNTHESIS 




I I 
o- o- 



Monomers for chain termination 
in solid phase synthesis 
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OR, ALTERNATIVELY: 
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TABLE 4: STRUCTURE OF CONJUGATES BETWEEN SYNTHETIC PRP FRAGMENT 

AND ADHESIN PROTEIN. 
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Table 6: Conversation of Hin47 among Haemophilus influenzae 



Strain 



Type 



Nucleotide 
homology 



Amino acids 
homology 



9795 
1161 
3690 
1636 
9333 
3639 



b 

NT 
NT 
NT 
NT 
NT 



100 

99.8 

99.8 

99.7 

95.0 

94.6 



100 

100 

100 

99.8 

98.0 

98.0 



Table 7: Anti-Hin47 IgG titers in murine sera determined by 

EIAs. 



Dose of 
Hin47 (fig) 


• 

RE ACT! VE TITERS 


Prebleed 


Bleed 1 


Bleed 2 


Bleed 3 


Bleed 4 


0 


<200 


<200 


<200 


<200 


<200 


. 1 


<200 


12,800 


43,520 


696,320 


819,200 


3 


<200 


28,160 


81,920 


696,320 


819,200 


10 


<200 


20,480 


112,640 


1,187,840 


2,293,760 


15 


<200 


74,240 


143,360 


1,187,840 


2,785,280 
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Table 8: Protective activity of antl-Hin47 antibodies in the 

infant rat model. 



IMMUNOGEN 


cfu/0.1 ml blood 

(# of animals with bacteremia/Total # of aiiimals) 


% OF CONTROL 


Anti-Hin47 Ab 


1,560 (2/5) 


10 


Prebleed 


17,040 (5/5) 


110 


Saline 


15,440 (5/5) 


100 



Table 9: Protective Ability of Hin47 Against Non-Typeable H. 

influenzae Infection in Chinchillas 



Chinchilla 


Immunogen 


Middle ear infection 


(#) 




Day 2 


Day 6 




Tympanogram 


Bacteria 
cfu/0.1 mL 


Tympanogram 


8 


Recovered from Hi 
stain 12 infection 




0 




9 
10 
11 
12 


Hin47 


+ 
+ 


10x10^ 

240 
6x10* 
0 


+ 
+ 
+ 


13 
14 


Saline 


+ 
+ 


4x10* 
6x10* 


+ 
+ 


15 
16 


Heat-inactivated 
strain 12 




0 
0 
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SEQUEHCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT; MicroCarb Inc. 



(il) TITLE OF INVENTION: Adhesin^-Oligosaccharide Conjugate 
Vaccine for Haemophilus Influenzae 

(iii) NUMBER OF SEQUENCES: 2 
(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Bermie & Edmonds 

(B) STREET: 1155 Avenue of the Americas 

(C) CITY: New Yoik 

(D) STATE: New York 

(E) COUNTRY: USA 

(F) ZIP: 10Q36 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release tl.O, Version <1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/903,079 

(B) FILING DATE: 22-JW-1992 

(C) CLASSIFICATION; 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/810,966 

(B) FILING DATE: 20-DEC-1991 

<vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/631,698 

(B) FILING DATE: 21-DEC-1990 

(Viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: GeiaLdine F. Baldwin 

(B) REGISTRATION NUMBER: 31^232 

(C) REFERENCE/DOCKET NUMBER; 79&HXJ2 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (212) 79O9090 

(B) TELEFAX: (212) 869-6864/9741 
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(2) IHFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 1611 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: HO 
(iv) AMTI-SEHSE: MO 

« 

(ix) FEATURE ( 

(A) HAME/KEY: CDS 

(B) LOCATION: lis.. 1503 



(Xi) SEQUEHCE DESCRIPTIOH; SEQ ID H0:1: 
TTGTACTGCT CCCATTTCCT TTTAAACAAG ATAATTTGCT CTCCTCTTAT TGAACATTTT 
rmATTTTT TTGTCTTACA GACCACGTTA TCTGAAATTT ATTTTGCAGT ATTT ATO 



1 



AAA AAA ACA CGT TTT GTA TTA AAT ACT ATT GCA CTT GGA TTA AGT GTA 

Lys Lys Thr Arg Phe Val Leu Asn Ser He Ala Leu Gly Leu Ser vai 

5 10 
•pph. XGC ACA TCA TTT GTT OCT CAA 6CC ACT TTC CCA AGT JTS GTT TCG 

Si ser iSJ sS Se 5al Ala Gin Ala Thr l*u Pro Ser Phe Val Ser 

20 25 
exx CAA AAC AGT CTT GCA CCG ATG TTA GAA AAA GTA CAA CCT GCC GTT 

S5 Si sll Si Ala pro Met Leu Glu Lys Val Gin Pro Ala Val 
35 

GTC ACT CTT TCC GTT GAA GGA AAA GOT AAA GTA GAT TCT CCT TCT CCT 

vll 21 ser vli Glu Gly Ly. Ala Lys Val Asp Ser Arg Ser Pro 

50 55 «0 

-nc CTX GAC GAT ATT CCT GAA GAA TTT AAA TTC TTC TTT 6GC GAT CGT 

S Si Sp 1% ne pro Glu Glu Phe Lys Phe Phe Phe Gly. Asp Arg 

70 . • '* 

nnr' r»x CAA TTT GOT GGA CGT GGA GAG TCA AA6 CGT AAC TTC CGT 

S3 SJi Gii S Arg Gly Glu ser Lys Arg Asn Phe Arg 

85 



60 
117 



165 



213 



261 



309 



367 



405 



SUBSTITUTE SHEET 



wo 94/00149 



97 



PCT/US93/06016 



GGT TTA CGT TCT GGT CTC ATT ATT AAT GCA AGC AAA GGC TAT 6TT TTA 453 

Gly Leu Gly Ser Gly Val lie lie Asn Ala Ser Lye Gly Tyr Val Leu 
100 lOS 110 

ACC AAT AAT CAT GTT ATT GAT GGA GCT GAT AAA ATT ACC GTC CAA TTA 501 
Thr Asn Asn His Val lie Asp Gly Ala Asp Lys He Thr Val Gin Leu 
115 120 125 

CAA GAT GGG CGT GAA TTT AAA GCA AAA TTA GTG GGT AAA GAT GAA CAA 549 

Gin Asp Gly Arg Glu Phe Lys Ala Lys Leu Val Gly Lys Asp Glu Gin 

130 135 140 145 

TCA GAT ATT GCA TTA GTA CAG CTT GAA AAA CCA AGT AAT TTA ACA GAA 597 
Ser Asp He Ala Leu Val Gin Leu Glu Lys Pro Ser Asn Leu Thr Glu 

150 . 155 160 

* 

ATC AAA TTT GCT GAT TCC GAC AAA TTA CGC GTA GGC GAT TTC ACT GTT 645 
He Lys Phe Ala Asp Ser Asp Lys Leu Arg Val Gly Asp Phe Thr Val 

165 170 175 

GCA ATC GGT AAT CCA TTT GGT TTA GGT CAA ACT GTG ACA TCA CGT ATT 693 

Ala He Gly Asn Pro Phe Gly Leu Gly Gin Thr Val Thr Ser Gly He 
180 185 190 

GTT TCT GCA TTG GGT CGT TCA ACA GGT TCT GAC AGT GGC ACT TAT GAA 741 

Val Ser Ala Leu Gly Arg Ser Thr Gly Ser Asp Ser Gly Thr Tyr Glu 
195 200 205 

AAC TAT ATT CAA ACC GAT GCA GCA GTA AAC CGC GGT AAT TCG GGT GiST 789 

Asn Tyr He Gin Thr Asp Ala Ala Val Asn Arg Gly Asn Ser Gly Gly 

210 215 220 225 

GCA TTA GTC AAT CTA AAT GGC GAA CTT ATT GGA ATT AAT ACC GCA ATT 837 
Ala Leu Val Asn Leu Asn Gly Glu Leu He Gly He Asn Thr Ala He 

230 235 240 

ATT TCT CCA AGC GGT GGC AAT GCA GGA ATT GCC TTT GCG ATT CCA AGT 885 

He Ser Pro Ser Gly Gly Asn Ala Gly He Ala Phe Ala He Pro Ser 

245 250 255 

AAT CAA GCG AGC AAT TTA GTG CAA CAA ATT TTA GAA TTT GGT CAA GTG 933 
Asn Gin Ala Ser Asn Leu Val Gin Gin He Leu Glu Phe Gly Gin Val 
260 265 270 

CGT CGC GGA TTG CTT GGT ATT AAA GGG GGC GAA CTC AAT GCT GAT TTA 981 
Arg Arg Gly Leu Leu Gly He Lys Gly Gly Glu Leu Asn Ala Asp Leu 

275 280 285 

GCC AAA GCC TTT AAT GTA AGO GCG CAA CAA GGT GCA TTT GTA AGT GAA 1029 
Ala Lys Ala Phe Asn Val Ser Ala Gin Gin Gly Ala Phe Val Ser Glu 
290 295 300 305 
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GTT GTA CCG AAA TCT OCT GOT GAA AAA GCA GGA CTT AAA GCG GGC GAT 

Val Val Pro Lys Ser Ala Ala Glu Lys Ala Gly Leu Lys Ala Gly Asp 

310 315 320 

ATT ATC ACG GCG ATG AAC GGT CAA AAA ATC TCA AGT TTC GCT GAA ATT 

lie He Thr Ala Met Asn Gly Gin Lys He Ser Ser Phe Ala Glu He 

325 330 335 

CGT GCA AAA ATC GCA ACC ACT GGT GCA GGC AAA GAG ATT AGC TTG ACT 

Arg Ala Lys He Ala Thr Thr Gly Ala Gly Lys Glu He Ser Leu Thr 
340 345 350 

TAG TTA CGT GAT GGC AAA TCC CAC GAC GTT AAA ATG AAA TTA CAA GCG 

Tyr Leu Arg Asp Gly Lys Ser His Asp Val Lys Met Lys Leu Gin Ala 
355 360 365 

GAT GAT GGT AGC CAA CTT TCC TCA AAA ACT GAG TTG CCT GCA TTA GAT 

Asp Asp Gly Ser Gin Leu Ser Ser Lys Thr Glu Leu Pro Ala Leu Asp 

370 375 380 385 

GGC GCA ACA TTG AAA GAC TAC GAT GCT AAA GGC GTT AAA GGA ATT GAA 

Gly Ala Thr Leu Lys Asp Tyr Asp Ala Lys Gly Val Lys Gly He Glu 

390 395 400 

ATC ACA AAA ATT CAA CCT AAT TCG CTG GCT GCA CAA CGT GGT TTA AAA 

He Thr Lys He Gin Pro Asn Ser Leu Ala Ala Gin Arg Gly Leu Lys 

405 410 415 

TCG GGC GAT ATT ATT ATT GGT ATT AAT CGT CAA ATG ATC GAA AAC ATT 
Ser Gly Asp He He He Gly He Asn Arg Gin Met He Glu Asn He 
420 425 430 

CGT GAA TTA AAT AAA GTG CTT GAA ACT GAA CCG TCA GCA GTT GCA CTT 

Arg Glu Leu Asn Lys Val Leu Glu Thr Glu Pro Ser Ala Val Ala Leu 

435 440 445 

AAT ATT TTA CGA GGT GAC AGT AAT TTC TAT TTA TTA GTG CAA 

Asn He Leu Arg Gly Asp Ser Asn Phe Tyr Leu Leu Val Gin 

450 455 460 

TAATCTGCTT GATATATTTA AGAAAAAAGT CCGATCACAA TGATCGGCTT CTTTTTATGC 
AGCAATCGTT CTTAACAAAT CCACCACAAA TTCTAACCGC ACTTTGTT 



1077 



1125 



1173 



1221 



1269 



1317 



1365 



1413 



1461 



1503 



1563 
1611 



(2) INFORMATION FOR SEQ ID HO: 2: 

(1) SEQUENCE CHAIOVCTERISTICS : 

(A) LENGTH: 463 amino acids 

(B) TYPE: anlno acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



.wo 94/00149 



99 



PCT/US93/06016 



(Xi) SEQUEKCE DESCRIPTION: SEQ ID NO: 2: 

Met Lys Lys Thr Arg Phe Val Leu Asn Ser He Ala Leu Gly Leu Ser 
1 5 10 15 

Val Leu Ser Thr Ser Phe Val Ala Gin Ala Thr Leu Pro Ser Phe Val 

20 25 30 

Ser Glu Gin Asn Ser Leu Ala Pro Met Leu Glu Lys Val Gin Pro Ala 
35 40 45 

Val Val Thr Leu Ser Val Glu Gly Lys Ala Lys Val Asp Ser Arg Ser 
50 55 60 

Pro Phe Leu Asp Asp He Pro Glu Glu Phe Lys Phe Phe Phe Gly Asp 
65 70 75 80 

Arg Phe Ala Glu Gin Phe Gly Gly Arg Gly Glu Ser Lys Arg Asn Phe 

85 90 95 

Arg Gly Leu Gly Ser Gly Val He He Asn Ala Ser Lys Gly Tyr Val 

100 105 110 

Leu Thr Asn Asn His Val He Asp Gly Ala Asp Lys He Thr Val Gin 
115 120 125 

Leu Gin Asp Gly Arg Glu Phe Lys Ala Lys Leu Val Gly Lys Asp Glu 
130 135 140 

Gin Ser Asp He Ala Leu Val Gin Leu Glu Lys Pro Ser Asn Leu Thr 
145 150 155 160 

Glu He Lys Phe Ala Asp Ser Asp Lys Leu Arg Val Gly Asp Phe Thr 

165 170 175 

Val Ala He Gly Asn Pro Phe Gly Leu Gly Gin Thr Val Thr Ser Gly 

180 185 190 

He Val Ser Ala Leu Gly Arg Ser Thr Gly Ser Asp Ser Gly Thr Tyr 
195 200 205 

Glu Asn Tyr He Gin Thr Asp Ala Ala Val Asn Arg Gly Asn Ser Gly 
210 215 220 

Gly Ala Leu Val Asn Leu Asn Gly Glu Leu He Gly He Asn Thr Ala 
225 230 235 240 

He He Ser Pro Ser Gly Gly Asn Ala Gly He Ala Phe Ala He Pro 

245 250 255 

Ser Asn Gin Ala Ser Asn Leu Val Gin Gin He Leu Glu Phe Gly Gin 

260 265 270 



wo 94/00149 -100- PCT/US93/06016 

Val Arg Arg Gly Leu Leu Cly lie Lys Gly Gly Glu Leu Asn Ala Asp 
275 280 285 

Leu Ala Lys Ala Phe Asn Val Ser Ala Gin Gin Gly Ala Phe Val Ser 
290 285 300 

Glu Val Val Pro Lys Ser Ala Ala Glu Lys Ala Gly Leu Lys Ala Gly 

305 310 315 320 

Asp He He Thr Ala Met Asn Gly Gin Lys He Ser Ser Phe Ala Glu 

325 330 335 

He Arg Ala Lys He Ala Thr Thr Gly Ala Gly Lys Glu He Ser Leu 

340 345 350 

Thr Tyr Leu Arg Asp Gly Lys Ser His Asp Val Lys Met Lys Leu Gin 

355 360 365 

Ala Asp Asp Gly Ser Gin Leu Ser Ser Lys Thr Glu Leu Pro Ala Leu 
370 375 380 

Asp Gly Ala Thr Leu Lys Asp Tyr Asp Ala Lys Gly Val Lys Gly He 

385 390 395 400 

Glu He Thr Lys He Gin Pro Asn Ser Leu Ala Ala Gin Arg Gly Leu 

405 410 415 

Lys Ser Gly Asp He He He Gly He Asn Arg 61n Met He Glu Asn 

420 425 430 

He Arg Glu Leu Asn Lys Val Leu Glu Thr Glu Pro Ser Ala Val Ala 

435 440 445 

Leu Asn He Leu Arg Gly Asp Ser Asn Phe Tyr Leu Leu Val Gin 

450 455 460 
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WE CIAIM ! 



1. An inunundgenic oligosaccharide'-protein 
conjugate comprising a polyribosylribotol phosphate (PRP) 
fragment coupled to an H, influenzae adhesin protein. 

2. The conjugate of claim 1 wherein said protein 
an H. influenzae outer membrane protein with a molecular 

weight of about 47,000 daltons. 

3. The conjugate of claim 1 wherein said 
oligosaccharide is bound to a polypeptide that contains an 
active site of said adhesin protein. 

4. An immunogenic oligosaccharide-protein 
conjugate represented by the formula: 
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Where n is 1-30, n is 2-30, R is (CH2)pCH2NH or 
(CH2CH20)pCH2CH2NHCSNH where p is 1-3, and X is an iL. 
influenzae adhesin protein or fragment thereof containing 
an active site of said protein. 

5. A purified H. influenzae adhesin protein. 

6. The protein of claim 5 wherein said protein 

» 

binds to a receptor for said protein selected from the 
group consisting of f ucosylasialo-GHl , asialo-GHl, and 
asialo-6M2. 

7. The protein of claim 6 wherein said protein is 
an H. influenzae outer membrane protein with a molecular 
weight of about 47,000 daltons. 

8. The protein of claim 7 wherein said protein 
comprises the amino acids designated 26 to 463 in Figures 
7A and 7B. 

9. A purified polypeptide that is a fragment of 
the protein of claim 5, said fragment containing an active 



10. A method for producing a purified 
influenzae adhesin protein comprising the steps of: 

solubilizing the membranes of H, influenzae 
bacteria, thereby producing solubilized material containing 
said adhesin protein and insoluble material; 
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separating said solubilized material from said 
insoluble material; 

contacting said solubilized material with a recep- 
tor for said adhesin protein selected from the group 
consisting of fucosylasialo-6Ml, asialo-6Ml, and asialo- 
6M2, wherein said receptor is attached to an insoluble 
solid support, for a period of time sufficient for said 
adhesin protein to bind to said receptor; and 

removing said protein from said receptor, thereby 
recovering said adhesin protein in purified form. 

11. A method for producing a purified H. 
influenzae adhesin protein comprising the steps of: 

extracting H, influenzae bacteria membranes 
with a solution that removes membrane associated proteins 
to produce an extract containing said adhesin protein; 

separating the supernatant containing said 
adhesin protein from the solid materic^l in said extract; 

contacting said supernatant with, a monoclonal 
antibody to said adhesin protein, wherein said antibody is 
bound to an insoluble solid support, for a period of time 
sufficient for said adhesin protein to bind to said 
monoclonal antibody; and 

removing said adhesin protein from said 
antibody, thereby recovering said adhesin protein in 
purified form. 

12. An isolated or substantially purified DNA 
sequence encoding an H, influenzae adhesin protein. 



wo 94/00149 



PCT/US93/06016 



- 104 - 



13. The DNA sequence of claim 12 wherein said 
sequence comprises the nucleotides designated 115-1503 in 
Figures 7 A and 7B. 

14. A method for producing an isolated DNA 
sequence encoding an H, influenzae adhesin protein 

comprising the steps of: 

screening a genomic library containing the DNA 
of H. influenzae , said library comprising clones which 
contain different sequences of said DNA which been operably 
and recoverably inserted into a vector, each of said 
vectors containing only one sequence of said DNA, by 
contacting the clones comprising said library with a 
monoclonal antibody to said adhesin protein or a receptor 
for said adhesin protein to identify a clone that binds to 
said antibodies or said receptor; and 

isolating said clone. 

15. The method of claim 14 further comprising the 
step of recovering the exogenous DNA sequence, from said 
clone. 

16. An isolated or sxibstantially purified DNA 
sequence encoding the purified polypeptide of claim 9. 

17. An isolated or substantially purified DNA 
sequence derived from this DNA sequence of claim 12 by 
single or multiple mutations, wherein said DNA sequence 
encodes a protein or polypeptide that is immunologically 
cross-reactive with the protein of claim 5. 
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18. A DNA sequence that hybridizes with the DNA 
sequence of claim 17 under conditions of high stringency, 
wherein said DNA sequence encodes a protein or polypeptide 
that is immunologically cross-reactive with the protein of 
claim 5« 

19. A recombinant DNA sequence comprising the DNA 
sequence of claim 12 operably linked to appropriate 
regulatory control nucleic acid sequences that are capable 
of effecting the expression of said DNA sequence in a 
transformed host cell. 

20. An expression vector for expressing DNA that 
encodes an H. influenzae adhesin protein in a compatible 
host cell comprising an expression vector capable of 
transforming a procaryotic or eucaryotic cell wherein the 
DNA of claim 19 has been inserted into said vector in 
proper orientation and correct reading frame for 
expression. 

* 

21. A host cell transformed with the recombinant 
DNA sequence of claim 19. 

22. The recombinant protein produced by the 
transformed cell of claim .21. 

23. A method for producing an H. influenzae 
adhesin protein comprising the steps of: 

culturing host cells transformed by a 
recombinant DNA sequence comprising a DNA sequence that 
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codes for an H, influenzae adhesin protein operably linked 
to appropriate regulatory control nucleic acid sequences 
that are capable of effecting the expression of said DNA 
sequence in said transformed cells; and 

recovering the protein whose expression has 
been coded for by said sequence. 

24. A synthetic PRP oligosaccharide represented by 
the formula: 




where n is an integer from 2 to 30 and is (CH2)pCH0 or 
(CH2CH20)pCH2CH2NH2 where p is an integer from 1-3. 
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25. A compound represented by the formula: 



H 




where n is an integer from 2 to 30, Bn is benzyl, and is 
(CH2)pCH(OR3)2 or (CH2CH20)pCH2CH2R4 where p is 1-3, r3 is 
an alkyl group 1-4 carbons in length, and R^ is a group 
that can be converted into an amino group. 

26. A method for preparing the compound of claim 
25 comprising tiie steps of: 

(a) coupling to a solid phase a compound 
represented by the formula: 
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BnO 




HQ OBn 



Wherein Bn is benzyl and MMTr is monomethoxytrityl ; 

(b) detritylating said compound; 

(c) coupling said detritylated compound with a 
compound represented by the formula: 




) 1 OBn 



wherein Bn is benzyl and MMTr is monomethoxytrityl; 
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detritylating the conpound resulting from step 



(c)? 



(e) 



repeating steps (c) and (d) n-2 times; 



(f) coupling the compound resulting from step (e) 
with a compound represented by the formula: 



wherein Bn is benzyl and r2 is (CH2)pCH(OR3) j or 
(CH2CH20)pCH2CH2R4 where p is 1-3, r3 is an alkyl group 1-4 
carbons in length, and r4 is a group that can be converted 
into an amino group; 

i 

(g) oxidizing the phosphonate groups of the 
resulting compound to foinn phosphate groups; and 

(h) removing the resulting compound from said 
solid suppoxrt. 



27. A method for preparing the synthetic PRP 
oligosaccharide of claim 24 comprising the steps of: 




O ssP— 6 <)Bn 



O* 
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hydrogenating the compound of claim 25; and 

where r2 is (CH2)pCH(OR3) 2, subjecting the 
hydrogenated compound to selective acid hydrolysis. 

28. A vaccine for protecting a mammal against 
influenzae comprising an immunologically effective amount 
of the conjugate of claim 1 in a pharmaceutically accept- 
able carrier. 

29. A vaccine for protecting a mammal against H, 
influenzae comprising an immunologically effective sunount 
of the conjugate of claim 4 in a pharmaceutically accept- 
able carrier wherein n and p are the same for all of said 
con j ugates . 

30. A vaccine for protecting a mammal against H. 
influenzae comprising an immunologically effective amount 
of the protein of claim 5 in a pharmaceutically acceptable 



31. An immunogenic polypeptide comprising a fusion 

* 

protein containing an H. influenzae adhesin protein. 

32. A vaccine comprising an immunologically 
effective amount of the recombinant protein of claim 22 in 
a pharmaceutically acceptable carrier. 
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33, A method of inducing an Inmune response to H, 
influenzae in a mammal comprising administering an im- 
munologically effective amount of the conjugate of claim 1 
to said mammal. 

34. A method of inducing an immune response to H. 
influenzae in a mammal comprising administering an im- 
munologically effective amount of the protein of claim 5 to 
said mammal. 
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V 



' <oIl9onucleotide primer .Hinf 3 

10 20 30 40 50 I €0 10 

* « » « • I » • 

r?STACygTCCGA lTl X;U l ll TA AACMGATMrir a m : TC ^ 
MCATGACCy^WrXAAATCAmmGTICnATTMACG^ 

80 90 ' 100 110 120 130 140 ISO 

TrACftGACCACGTTATCTGAAAmATTIlX^UJlATrTATGAAA^^ 

aatctctostgcaatacacmaaataaaacctcajwuviacttt^^ 

mkktrfvlns:a> 
obamslatioh cf hin 47 > 

<si9nal sequence of 47kDa protein 

I 

160 170 180 190 200 210 220 

♦ • • • !• • • • 

CTTGCSATTAAGTGTATTAAGCACATC A TTTGTTGC TC ^ 
GAACCTAATTCACATAATTCGTGITVGTAAACAACGAKICGGT^^ 
LGLSVLSTSFVAQATLPSFVSEQNS> 

TBAKSIATICH » BIN 47 > 

230 240 250 260 270 280 290 300 

« • • ♦ ♦ « 

CTTGCACCGATGTTAGAAAAAGTACAACCTGCCGTrGTCACTCT ^ 
GAACGTGGCTACAATCTTTTTCATCTTGGACGGCAACAGTGAGAA 
Z«APML£KVQPAVVTLSV£GKAKVD S> 

TBANSLAtlON HQl 47 > 

310 320 330 340 . 350 360 370 

CGTTCTCCTTTCCTAGACCATATOCTGAAGAATrrAAAmTrC^^ 
GCAAGAGGAAAGGATCTGCTAXAAGGACTTCTTAAATTtAAGAAGAA^ 
RSPFLDDZPEEFKFFFGD R.F A £ Q F 6> 

TRAMSIATZCN OF HIK 47 > 

380 390 400 410 420 430 440 450 

GGACGTGGAGAGTCAAAGCGTAACmCGTGGTTTAGGmT GG TGTCAnAITRA 
CCTGCACCTCTCAGimGCATTGAAGGCACCAAATCCAAGACCACACTAATAOTACGl^ 
GRG£SKRNFRGLGSGVIIKASKGYV> 

TRAMSmiCM OF BIN 47 > 

460 470 480 490 500 510 520 

TTAACCAATAAlCATGTTATTGATCGAGCTGATAAAAmCCGTGCA&T^ 
AATTGGmTTAGTACAATAACTACCTCGACTArrTTAATGGCACGTTAAIGT^ 
LTMN*HVXDGADKITVQLQOG R£FRA> 

OIV^SLAIICH OF HIM 47 > 

530 540 550 560 570 580 . 590 600 

AAAmGTGGGTAAAGATGAACAATCAGATArrGCATTAGTACAGCmAAAAACCAM 
rrTAATCACCCATTTCTACTOmGTCTAlAACGTAATCAXGTCGAACrr^^ 
KLVGKD£QSDIALVQL£KPSliLT£I> 

IPANSLATICK (S* BIN 47 > 

610 620 630 640 650 660 670 

AA A rriX ; CT G ATrCCGACAAATTACGCGTAGGCGArrTCA C TGTT G C^ 
TTTAAACGACTAAGGCnSTTIAATGCGCATCCGClAAAGTCACAACGTTA^ 
KFADSDRLRVGDFT*VAI6NPFGLGQ> 

IRANSLATIOM OF HIH 47 > 

680 690 700 710 720 730 740 750 

ACTGTCACATCAGGTATOTTTCTCCATTGGGTCGTrCAACAGG 
TCACACTGTAGTCCATAACAAAGACXSTAACCCAGCAAGmTCCAAGACTC 
TVTS.G I'MtSALGRSTGSOSGTY£NYI> 

tlRAMSLAtZON OF HZ2< 47 > 



• • • ♦ ♦ « , 

CAAACCGATGCAXAGTAAACCGCGGTAAmGGGTGGTGCACT 
GTTTGCCTACGTCGTCATTTGGCGCCAlTAAGCCCACCACGTAATCACn^^ 

QTDAAVNRGNSGGALVNLNG£LIGZ>' 

TRAHSLATTON OP fl7 ^ 
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830 840 850 860 .870. 880 890 900 

MTACCGCAAmTTTCTCCAAGCGGTGGCMTCXAGGAA 

TTATGGCGTTMTAAACAGGTTCGCCACCGmCGlX:CTTAACGCAAACCX:TAftXTO 

NTAIISPSCGNAGIAFAI?SHQASN> 

TRANSLATION HIN 47 > 

910 920 930 940 950 960 970 

TTACrrGCAACAAATmAGAATTTGGTCAAGTGCgrCGCGGATTGCTTGGTATT AAA^ 
AATCACGTTGTTTAAAATCTTAAACCAGTTCACGCAGCGCCTAACGAACCATAArrrCCCOT 
LVQQILEF6QVRRG LLGIKGGELNA> 

TRANSLATION OF HIN 47 / > 

980 990 1000 1010 1020 1030 1040 1050 

* ♦*•♦ 

GAmAGCCAAAGCCTTTAATSTAAGCGCCCAACAAGGTCCATmTAAGTGAAGTTTTACC^^ 
CTAAATCGGTTTCGGAAArrACATTCGCGCGTTGTTCCACGTAAACATTCACTTCAAAATGGC^^ 
DLAKAFNVSAOQGAFVSEVLPKSAA> 

TRANSLATION OF HIH 47 > 

1060 1070 1080 1090 1100 1110 1120 

« • * « * • ♦ 

GAAAAAGCTGGACTTAAAGCGGGCGATATTATCACGGCGATGAACGGTC AAAAAAT CT^ 

CTTTTTCGTCCTGAAlTTCGCCXGCTATAATAGTGCCCCTACTrGCCAGTT^ 

EKAGLKAGDIITAMNGQKZSSFAEJ> 

TRANSLATION HIN 47 > 

1130 1140 1150 1160 1170 1180 1190 1200 

CGTGCAAAAATCGCAACCACTGGTCCAGGCAAAGAGATTAGCTTGACrrACTTACGTm 
GCAC G r m T A GCGTTGGTGACCACG l XX: G mx:T C TAATCGAACTGAATGAATGCACTACCGTnAG 
R A K I A 7 T G A GKE IS L T y-LRDGK SHD> 

TRANSLATION OF HIN 47 > 

1210 1220 1230 1240 1250 1260 1270 

* * « * * • • * 

GnAAAATGAAATTACAAGCGGATGATGGTAGCCAACTTTCCTCAAAAACTGAGTTGCCI^ 
CAATTrTACrrTAATGTTCGCCTACTACCATCKTTGAAAGGAGTTTTTGACTCAACGGAC^ 
VKMKLQADOGSQLSSKTEL P A L 0 G A> 

TRANSLATION HIN 47 > 

1280 1290 1300 1310 1320 1330 1340 1350 

ACATTGAAAGACTACGATGCTAAAGGCGTTAAAGGAATTGAAATCAOUUM 
TGIAACTTlCTtJaGCTaCGA T ria x.C A AlT^^ 
TLKDyDAKGVRGIEITKIQPNSLAA> 

TRANSLATION OF HIN 47 > 

1360 1370 1380 1390 1400 1410 1420 

* • • « • * 

GTTGCACCAAATrTTAGCCCGCTATAATAATAACCATAATTAGCAGTTTACTAGOT 

QRGLKSGDIIIGINRQMIENIRELN> 

TRANSUTION OF HIN 47 > 

1430 1440 1450 1460 1470 1480 1490 1500 

AAAGTCCTTGAAACTGAACCGTCAG^ 

TTOACGAACTTIGACTOGCACICGTCAACCTGAATTATAAAA^^ 
KVLETEPSAVALNI LRGDSNFyLLV> 

TRANSLATION HIN 47 . > 

1510 1520 1530 1540 1550 1560 1570 
* • • ♦ ♦ ♦ ♦ 

CAATMTCT<,CmATATArrT AAGAAAAAAG T^ i ICn rri ATGCAGCAATCGTTCT 

CnATTAGACGAACTATATAAATTCniTrTTCAGGCTAGTXmMT^ 

> 

<oll9onucleotide prliner Hinf 4 

I 

1580 1590 1600 | 1610 

* * • I ♦ 

T AACAAA TCCACCACAAATTCTAACCGCACTTCTr 
ATTGTTTACGTGCTCTTTAAGATTTCCGTtSAAAC^ 
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Box I Obscrratioiis where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This inteniational rcpoxt has not been established in respect of oeitain claims under Aiticle I7(2)(a) for the following xcasons: 
1. I I ClaunsNos.: 

^■"^ because they relate to subjea matter not required U> be searched by this Authority, namely: 



2. 



□ 



Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. Claims Nos.: 

because th^ are dependent claims and are not drafted in accordance with the second and third sentences of Ruk 6.4(a). 

Box II Ohscryations where unity of invention is lacking (Continuation of item 2 of first sheeO 

This International Searehing Authority found multiple inventions in this international application, as follows: 

(Telq>hon6 Practice) 
Please See Extra Sheet. 



1. [ x} As aU required additiondseareh fees were timdy paid by the apphcant, this internatio^ 

claims. 
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of any additional fee. 

3 . I { As only some of the required additional search fees were timely paid by the applicant, this international seareh report covers 
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A. CLASSIHCAHON of subject MATTER: 
IPC (5): 

A61K 39/00, 3702; C07K 15/00; C07H 15/2. 1/04, 13/00; C07K 3/28; C12P 17/00, 21/06;. C12Q 1/34 

A. CLASSOFICATION OF SUBJECT MATTER: 
USCL : 

424/ 88, 92; 530/ 300. 412, 536/27, 117; 435/4.1, 18.1, 117. 69.1, 71.1 

BOX n. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACiUNG 
This ISA found multiple inventions as follows: 

I. Claims M, 28, 29, 33 drawn to immunogenie oligosaecharide-protdn conjugate, vaccine and method for 
inducing an immune response, classified in Classes 536 and 424, subclasses 117 and 88, 92. 

n. Claims 5-10, 22, 30-32, 34, drawn to purified adhesin protein, vaccine; method of making and method of 
inducing an immune response, classified in Classes 530 and 424, subclasses 300 and 412, 88 and 92. 

m. Claim 11 is drawn to second method of obUining the protein adhesin, classified in Class 530, subclass 

412. 

IV. Claims 12-21, 23, drawn to DNA encoding an adhesin protein, method of making DNA, vector(8), host 
cell(s), classified in Classes 536, and 435, subclasses 27 and 69. 1, 71,1, 252.3. 

V, Claims 24-27 drawn to oligosaccharide and method of making classified in Class 536, subclasses 4.1, 18.1, 

117. 
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